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ABSTRACT
The present grant funded study by the Office of Research and Sponsored Projects investigated
the effects of a chronological multicultural mathematics (CMM) framework on math identity and
math achievement of student participants enrolled in two virtual post-secondary developmental
math courses (N=9). The students were selected due to an inability to pass previous
developmental courses or the placement exam to earn entrance into credit bearing math courses.
An exploratory mixed methods case study utilized interviews, reflections, surveys, classwork,
and grades to arrive at conclusions. Student participants were exposed to supplemental additions
to the curriculum that provided elements of past (founders and origins of math topics), present
(current vocations and professionals that utilize the content), and future (alternative uses of
content in different fields) to provide context to the content. In depth narrative interviews
allowed students ample time to reflect on their autobiographies as doers of mathematics. A
parallel convergent analysis was utilized to combine quantitative and qualitative measures to
determine significant development of math identity and math achievement of the student
participants. The CMM framework was able to significantly develop student’s math identity and
led to high math achievement. In addition, math identity surveys were able to significantly
predict increases in math performance. Math educators of developmental courses can benefit
students by including identity building elements through reflection activities, autobiography
writing, and adopting a CMM framework.
Keywords: Math identity, historical mathematics, developmental math courses,
mathematics reform, chronological mathematics
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CHAPTER ONE: INTRODUCTION
Brief Introduction
When an individual begins to picture themself in a role, confidence and perseverance can
ensue (Bruner, 1977; Jankvist, 2009a; Sfard, 1995). Identity is a powerful construct that can
provide the motivation and engagement necessary for learning and skill development (Crossley,
Karumbaiah, Ocumpaugh, Labrum, & Baker, 2018; Crossley, Larumbaiah, Ocumpaugh,
Labrum, & Baker, 2020). The discipline of mathematics, based on symbolic formulas and
systematic computations can lose the human element that breeds identification (Morrison,
Robbins, & Rose, 2008; Murtadha-Watts & D'Ambrosio, 1997). Mathematics in college
developmental courses, for many their first high-stakes (cost and trajectory) encounter with postsecondary education, is predominantly taught in an abstract manner devoid of connections to the
people who created it, the professions that currently use it, nor its future applications (Grubb,
2001; Hodora, 2013; Radford, Pearson, Ho, Chambers, & Ferlazzo, 2012). Without the
connections of relevance, use, and ability to see themselves in the content; many students are
unable to succeed (Benken, Ramirez, Li, & Wetendorf, 2015; Howard & Whitaker, 2011;
Larnell, 2013, 2016, 2017). Being mandated to take a developmental course can compound
students' negative sense of math ability and contribute to a lack of motivation (Benken et al.,
2015; Davis & Martin, 2008). Previous difficulties in the subject matter can undermine
confidence and breed feelings of inadequacy (Benken et al., 2015; Larnell, 2016, 2017; Martin,
Galentino, & Townend, 2014). However, Larnell (2013, 2016, 2017), Martin (2007), and Sfard
(1995, 2012) report that mathematical identity is a dynamic and mutable narrative. The ability to
foster positive changes in math identity has contributed to success in motivation and
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performance in developmental post-secondary math courses (Beneken, Ramirez, Li, &
Wetendorf, 2015; Howard & Whitaker, 2011). These successes can create the fundamental shift
in math identity as defined by Crossley et al. (2018, 2020): changing students' thoughts about the
value of mathematics, viewing themselves as capable of achieving in the discipline, and
increasing overall interest. Providing students with targeted supplemental resources to develop
strong, positive, mathematical identity and creating a safe environment to broach these internal
concepts can foster a narrative that motivates students and equips them with scholastic
perseverance throughout their post-secondary academic endeavors.
Personal Connection to the Study
In my seven years of teaching in high school and college mathematics classrooms, I
wanted to discern the most efficacious way to create and present material to enhance student
achievement. Every time I walk into a math classroom at the high school or collegiate level and I
see algebraic expressions presented with no context for its development, no application for its
use, no respect for its creators, and no meaning beyond the symbols; I am taken aback. My
motivation for a better curriculum to build student identity gets replenished every time I observe
classrooms of rote steps, memorization, and devoid of explanations and the reasoning
underpinning the computation. These experiences cause so many students, across different age
groups, feeling as though they were afraid of, not good at, or flat out hated the subject. I would
constantly attempt new strategies and reformat curriculum in novel ways to get the most out of
the classes. I gauged success for these lessons diametrically: student engagement (asking
questions, being present, working on problems, showing signs of excitement) and student
mastery (grades on exit tickets, quizzes, tests, and semester exams). After having marginal
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success with certain approaches being more effective for specific classes to varying degrees (but
not others), I was not satisfied.
During the 2017-2018 school year, I systematically assessed three different styles of
curriculum implementation using different pedagogical perspectives. While the lens varied, the
same course content and standards were employed in all of the high school classes in which the
study took place. The three teaching approaches to the curriculum included multicultural relevant
teaching (MRT), multicultural historical teaching (MHT), and traditional teaching (TT).
MRT (n =42) consisted of bringing my students’ lives into the classroom as much as
possible and capitalizing on their prior funds of knowledge. Using their personal and cultural
experiences as a bridge for content into the mathematics lessons, helped me capitalize on their
community cultural wealth and develop a safe learning environment (Jao, 2012; Kress, 2005;
Ilev & D’Angelo, 2014; Moll, Amanti, Neff & González’s, 1992; Yosso, 2005). The students'
names, jobs, sports statistics, majors of choice, favorite television shows, and the like were
included into the introductions of lessons. In addition, these relevant connections served as the
basis for examples, as well as the tests and quizzes. The students with the highest grades on the
previous exams had their names and interests (jobs/hobbies/sports) referenced in the summative
exams, which bred a healthy competition in the class (e.g. Devontae scored 18 points in last
week's game against Valley high school in 23 minutes of game time, what would his average
points become if his previous average over the last six games was fourteen points per game? If
Coach Abrams played him for 16 more minutes of game time, what would Devontae expect to
score?). In addition, for MRT classes, students were required to bring in math artifacts (Bogioli,
2008). These math artifacts were personal objects (souvenirs, videos, multimedia items) that held
specific meaning for their identity. A student would explain the artifact (on a specific date), for
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no more than 3 minutes towards the end of class. Then, as a class the object/story would be
connected to the standard for the day. Finally, as a class we would design an exit ticket, based on
the artefact or story; and, each student would have to solve the problem for their exit ticket
grade.
MHT (n=38) was a chronological approach to content including a past, present, and
future lens. The past consisted of how the content was built by the mathematician who created it
or the people who generated the formula or theorem. Classes would also read about the reason
for why this rule or formula developed, which helped foster interest and connection to the
content (Alcoze, 1993; Siu, 2000; Tzanakis & Arcavi, 2000). These were interdisciplinary
introductions and exit tickets that included elements of writing, reading, and experimentation
(Alcoze,1993, Sriraman & Søndergaard, 2009; Sriraman & Steinthorsdottir, 2007). The present
consisted of jobs or current utility of the content. Students worked with examples and learned
about professions and employment applications that utilized the content (Lingard, 2000). The
future elements included open ended questions, discussions, and modeling tasks of novel and
alternative uses for content (Lesh & Doerr, 2003; Maharani, 2014; Sriraman & Steinthorsdottir,
2007). Students were challenged in introductions and conclusions of lessons of where they could
apply this formula in the future or in other situations.
TT (37) was devoid of connections outside of the subject matter. For example: instead of
Marco’s futball from the varsity soccer team (MRT), it was simply a sphere with no markings or
connections. Mathematics is a logical science that runs in a sequential order. Each concept builds
upon one another, adding complexity and detail. The rules that govern mathematics are set to
ensure at least one (or no) correct answer for every possible problem. The formulaic, step-bystep concepts of mathematics lends itself to a TT framework. This traditional teaching included
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only the variables with no context to place it in, focusing on teacher directed pedagogy, which
has shown to be effective above other alternatives from meta-analyses conducted by Brophy
(1986). The TT classes were more structured with emphasis on practice time, synthesis and
repetition, which are aligned to the tenets of high performing high schools across Texas,
California, Florida, Michigan, and Massachusetts (Core Practices in Math and Science, 2009).
The additional class time afforded students extended skills practice and more varied example
problems.
Although the teaching lens varied across the six classes utilized for the study, the
mathematics and science standards taught were equivalent. Students also received the same
question levels, and identical summative assessments that were based on old ACT exams to
allow for direct comparison. Mathematics are sets of formulas and variables, their meanings can
be shifted and used to represent just about anything. This flexible nature of the discipline allows
for identical concepts to be utilized in each course, despite the different pedagogical lens.
The setting for the year-long project was a Title 1 high school in the southwest of the
United States. The course utilized for the study was an ACT mathematics and science
preparation course. The length of the course was one semester long, as the students enrolled
attended daily fifty-five minute periods. There were three periods per semester, totaling six
different classes for the study. Students had to sign up to take part in the course to receive an
elective credit. The passing or failing of this course had no bearing on their ability to meet
mathematics or science requirements for their diploma. The course was pushed by counselors
towards college bound students (athletes and honors students) and resulted in an enrollment of
117 who all completed the course for the duration of one semester. The main objectives of the
course were to enhance the chances of college admission by being successful on the ACT and to
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become eligible for scholarships. The mathematics and science standards were taken from the
ACT, and practice problems and practice ACT tests were utilized to grade for mastery. The
course was composed of tenth, eleventh, and twelfth grade students. Three sections were
separated by period as only one class got exposed to one modality through the entire one
semester course. The second semester, the modalities were changed by period for the new sets of
students to ensure that time of the day (closeness to lunch or the end of the day) did not confound
the results.
When beginning this study, I held biases that multicultural relevance was the key to
unlocking student math achievement and mathematical understanding. I believed that high
school math achievement could be mirrored by engagement, the more excited and wrapped up in
the content students were the more they would be learning. This hypothesis mirrored the results
of Fung, Tan, and Chen (2018) who highlighted interest, perceived usefulness, cognitive
engagement, and perseverance in problem solving as the foundation for higher math achievement
scores. Students exclaimed (“that’s me!” or “that’s my boy!”) when familiar names and interests
appeared across the lessons, and were invested (raising hands, completing assignments, not
displaying off task behaviors) during the introductions and exit tickets. I also held biases that
traditional teaching, the extended skills practice, would produce the least amount of success.
As shown in Tables 1 and 2 below there was a significant effect on the type of
pedagogical approach on the students’ final grades in the course for the three different
approaches [F (2, 114) = 4.60, [MSE= 305.667] p = .012]. Post hoc comparisons using Tukey
HSD test indicated that the mean final grade for students in the MHT courses (M = 80.03 SD =
14.62) was significantly different than the students in the MRT courses (M = 68.45 SD = 19.86).
The mean final grades for the TT (M=71.62 SD =17.25) did not significantly differ from either
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MHT or MRT. There was a medium effect size for this significant interaction effect of 7%.
Taken together these results suggest that students in the multicultural historical based classes
outperformed their peers on the final assessment in the same school and grade levels.
Specifically, the historical context given to the mathematics and science curriculum may have
provided a basis for students to perform better than in the other two approaches.

Table 1: One-Way Analysis of Variance of Final Grades by Teaching Modality.
Source

df

SS

MS

F

P

Between Groups

2

2809.577

1404.7885

4.596

.01203

Within Groups

114

34846.0811

305.6674

Total

116

37655.6581

Table 2: Results of Tukey HSD Post hoc Test.
Teaching Modality

MHT

MRT

TT

MHT

XXXXX

XXXXX

XXXXX

MRT

11.574*

XXXXX

XXXXX

TT

8.405

-3.169

XXXXX

Note* Significance is at the .01 level

There are many reasons underlying the results of this action research study. Only six
classes and 117 students were utilized. As the teacher and researcher, I could have unknowingly
affected my results. Another limitation could stem from potential differences in students coming
into the course. Initial math ability of each class was taken using diagnostic ACT data during the
7

first week of the course to see if the courses were significantly different before the interventions.
However, these scores were not utilized in calculations; as many students ran out of time, some
did not take the diagnostic seriously, and others were too overwhelmed by seeing all sixty
questions laid out before them causing them to put in minimal effort. Instead, I utilized students’
grade point averages (GPAs) coming into the course to see if there were any baseline differences
in student’s academic ability (which includes their math ability). MHT Semester 1 class (n=23)
had an average GPA of 3.204. MHT Semester 2 class (n=14) had an average GPA of 2.846.
MRT Semester 1 class (n=24) had an average GPA of 2.823. MRT Semester 2 class (n=18) had
an average GPA of 2.758. TT Semester 1 class (n=23) had an average GPA of 2.898. TT
Semester 2 class (n=14) had an average GPA of 2.802. All of the GPA’s were almost identical,
except for the MHT semester one class, which came into the course approximately .4 points
higher than their peers. The one MHT section could have skewed the results of this action
research, as these students outperformed their peers across all classes before the study. Future
studies are needed to account for all students' incoming math ability level. However, the average
GPA of the second semester MHT course being aligned to all other sections mitigates this
potential limitation.
Other potential reasons for this difference could stem from student’s mindsets and effort
across the three pedagogical modalities being incorporated. The surprising lower MRT results
may be due to students being too distracted by the relevance and thus, did not put in the
necessary engagement in the computation. These students may have thought they understood the
material because it was so similar to their experiences and did not need to expend the needed grit
for comprehension. The relatableness of the context could have disguised the difficulty of the
mathematics, as students felt they already knew the situation as it was so familiar to them. The
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results for TT outperforming MRT (although not statistically significant) could be due to the
added practice, the lack of novelty, and the comfort in the math class being similar to the
previous mathematics course. The students in the TT class understood the expectations and had
added opportunities to progress. The MHT students' prowess could stem from having enough
novelty in the presentation of materials to spark engagement, but retaining motivation to work at
the concepts, due to them being outside of their current spheres of experiences.
The enlightening outcome was that the two MHT classes using the chronological
approach significantly outperformed the classes based on relevance (MRT) and outperformed the
traditional classes (TT) that included extended practice time by an average of 8.4 percentage
points. A past, present and future approach could galvanize a class and help students at an
individual level develop a more complex mathematical identity. Learning of the individuals and
cultures that created the discipline could provide a positive identifiable role model (NAME,
2019; Morrison et al., 2008; Murtadha-Watts & D'Ambrosio; 1997). Understanding the
reasoning behind creation, and the current and future uses, could create the stickiness of a
concept to be remembered even through all of the distractions and multiple concepts being
thrown at students on a daily basis throughout their academic careers. Through MHT students
champion against the defeatist math mindset: I will never learn this, I will never use this, why am
I learning this?
After successfully employing this curriculum approach with high school math students,
and becoming aware through research of a vulnerable math population, I thought this approach
could be beneficial for college students. I learned that developmental post-secondary math
courses, which are predominantly taught focusing on procedural skills, are non-credit bearing,
and have imperative implications (Grubb et al., 2011; Hodara, 2013; Perin, 2004). Students who
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are enrolled in these courses are more likely to fail than achieve a passing score (75.4%) and less
likely to graduate successfully or earn a certificate (Bahr, 2008). These courses require a heavy
investment by state funding, and focus on content that was already presented in K-12 education.
In addition, the courses can also stymie students’ efforts to become STEM professionals, a field
that has a large percentage of job vacancies (Gandhi-Lee et al., 2017).
A developmental post-secondary mathematics course is often the first high stakes
mathematics course a student takes in their academic career (Bahr, 2008). Developmental math
courses can be a financial burden for students and can inhibit them from completing their
degrees. The content they contain have been previously presented throughout their scholastic
careers (K-12), and the classes can be filled with mostly minority students (Bahr, 2008; Larnell,
2016). For this dissertation research, I wanted to determine how students’ (enrolled in
postsecondary developmental courses) math identity could be affected by being exposed to a
chronological multicultural mathematics (CMM) framework. The CMM framework is an
updated pedagogical approach that was developed from the tenets of MHT. The same
components of teaching students about who created the concepts in the past, how they are
currently utilized in professions today, and looking for alternative uses to address future
problems guides the learning activities and materials. Many of the students enrolled in postsecondary developmental courses had taken and failed them before, failed the entrance exam
(despite believing they were capable of doing the mathematics), or claimed that they were not
math people (never been good at the discipline and struggled throughout their math experience).
This mixed methods case study explored the experiences and mathematical identity development
of nine students enrolled in a post-secondary mathematics course.
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Problem Statement and Background
There is a lack of a STEM ready workforce in America to be ready for the jobs of today
and the future (Change the Equation, 2010; PCAST, 2012). Students often turn away from
STEM majors and STEM career trajectories due to negative experiences in mathematics
throughout their K-12 school careers (McCormick & Lucas, 2011). These negative experiences
help germinate a stunted math identity filled with apprehensions and doubts. Even for students
who succeeded in mathematics in K-12, their confidence can be derailed by math courses in
post-secondary setting when scores on state standardized tests, and entrance exams relegate them
into developmental courses for no credit (Larnell, 2016; 2017). These skill-based courses may be
taught without context and can utilize a lower bar that reinforces students' personal belief that
they are unable to succeed in these classes (Grubb, 2010; Hodora, 2013).
Purpose of the Study
The purpose of this mixed methods exploratory case study is to determine if changes to
the curriculum and objectives of developmental classes can help students not only be challenged,
but have their identities reinforced through the context of the curriculum. Developmental courses
are pivotal learning grounds, where success and failure can be the impetus of dropping out or
progressing towards graduation (Bahr, 2008). Providing elements of the history of math topics
through a multicultural lens, may provide students the internal motivation to succeed not only in
these courses, but to become confident doers of mathematics for the length of their academic
careers (Clark et al., 2016; Fauvel & Maanen, 2000). Targeting students' underlying assumptions
of their interests, ability, and uses of the content through targeted curricular experiences can
provide the needed context to instill student motivation (Morrison, Robbins, & Rose 2008;
Sleeter, 1997). Purposefully incorporating autobiographical, chronological activities to determine
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a deeper understanding of students enrolled in developmental post-secondary courses, can
change the perception of what a developmental college math course can look like. Whether
writing, discussing, or developing reflection activities to think through one’s math history is
beneficial for students to have a better grasp on the value, interest, and their own self-concept of
the discipline. These written reflection activities can be in contrast to typical numerical or
application-based assignments, in which students can often have difficulty finding their
connection to the content. Unearthing where the past difficulties with math content stem from
(Larnell, 2016) or having students uncover meaningful moments in which students have found
the motivation to attain novel math success (Howard & Whitaker, 2011), students in postsecondary developmental math settings can achieve mathematically from having a better
understanding of their overall math identity.
Research Question
This study was designed to systematically investigate students’ math identity during their
experience in a developmental post-secondary course. The students were exposed to elements of
the chronological multicultural mathematics (CMM) framework through supplemental
introductory activities. The CMM framework utilized a past, present, and future approach to
improve student outcomes in math courses by having a diverse population identify with the
subject matter being taught through promoting relevance, interest, use, and achievement. In
addition, students have been interviewed in depth and were provided with reflection prompts
after each CMM activity to reinforce its potential connection to their identity. Key tenets of
rigor, humanization, critical thinking/creativity, balance, and context guided the implementation
of the interventions used for the study. This study attempts to answer the research question: To
what extent does the implementation of a chronological multicultural mathematics (CMM)
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framework assist students’ math identity development and math achievement in a developmental
college course?
Brief Review of the Theoretical Frameworks
There are two theoretical frameworks that were utilized throughout this mixed methods
case study. Banks’ (1993a, 1993b, 1995, 2009, 2010) five dimensions of multicultural education
was a fundamental pillar in developing the chronological multicultural mathematics (CMM)
framework that was the basis for the intervention activities, types of questions asked, and
interview protocols. Understanding the different elements of multicultural education as well as
the level of impact based on the dimension being utilized, was imperative in making decisions
for curricular and assessment choices. As an educator or curriculum writer goes down the five
dimensions levels [(1) content integration, (2) the knowledge construction process, (3) prejudice
reduction, (4) an equity pedagogy; and (5) empowering school culture and social structure], it
becomes more difficult to incorporate and the educational gains are more fruitful (Banks, 1995,
2010).
The second theoretical framework utilized by this study consisted of the concept of
mathematical identity composed of three components: self-concept, value of the subject, and
personal interest (Crossley et al., 2018; Crossley et al., 2020). These three interrelated
components, provide motivation and result in higher achievement for students of mathematics
(Crossley et al., 2018; Crossley et al., 2020). The notion of mathematical identity, or how one
sees themselves as a doer of mathematics, is a dynamic entity that can also be altered or changed
by a meaningful moment or occurrence (Howard & Whitaker, 2011; Martin, 2007; Sfard, 2012;
Larnell, 2016, 2017). The opportunity to discuss one’s math identity and having moments to
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actively engage in identity development, in the context of a math classroom, is the fodder for
positive development of one’s math identity.
Operational Definitions
Developmental Post-Secondary Course: Any course taken after high school that is not taken for
credit to improve pre-requisite skills. These courses are high-stakes for students because they
have a financial cost and determine their ability to enroll in credit-bearing courses that are
needed for completion of a degree program or a certificate. Developmental post-secondary
courses are also called remedial courses, remediation, compensatory, or progress courses. The
term developmental has been used more widely among post-secondary institutions to combat the
negative stigma of the word remedial and the connotation that can reinforce students' lower selfimage and math identity.
Math Identity: Math identity, or how one sees themselves as a doer of mathematics contains
three components: self-concept, value of the subject, and personal interest (Crossley et al., 2018;
Crossley et al., 2020).
Self-Concept: A component of mathematics identity involving a view of achievement ability,
which is based on previous experiences within the discipline (Crossley et al., 2018; Crossley et
al., 2020).
Value or Utility: A component of mathematics identity focused on the present usability or
applicability in life outside of the classroom (Crossley et al., 2018; Crossley et al., 2020).
Interest: A component of math identity involving the level of motivation and engagement within
the discipline for future endeavors (Crossley et al., 2018; Crossley et al., 2020).
Chronological Multicultural Mathematics (CMM): A reformed developmental post-secondary
framework that utilizes a past, present, and future perspective for how math can be taught,
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learned, and experienced. CMM was based on infusing Banks’ (2010) five dimensions of
multicultural education with the tenets of historical mathematics.
Multicultural Education (ME): Aydin & Tonbuloğlu (2014) and Gay (1994) state there is no
agreement on a definition for ME. However, the most widely accepted definition is from Banks
(2010) as ME is an idea, an educational reform, and as a process that recognizes and respects the
difference of individuals’ cultural characteristics. Other definitions include components of
democracy and cultural pluralism (Amney-Dixon, 2004), giving access and opportunities to help
ethnically different students succeed (Gay 1994), social pluralism (Mitchell, 1999), and diverse
pedagogical methods and equity (Banks, 2009).
Historical Mathematics (HM): The International Commission of Mathematical Instruction
(ICMI) defines HM as an interdisciplinary cultural learning activity based on a history of
documents and ideas that tell us who developed mathematical concepts from different societies
(Fauvel & Maanen, 2000).
Brief Review of the Topic Literature Related to the Study
The topic literature related to this study includes all of the research on the current and
past elements to assess and revise post-secondary developmental mathematics courses, the
development and assessment of historical mathematics curricula, and studies that address a
changeable mathematics identity. Because post-secondary developmental mathematics courses
have shown high failure rates by students and are often state funded, there is a plethora of
research that outlines elements of proposed reforms (Ganga, Mazzariello, & Edgecombe, 2018;
Hodara, 2013; Levin & Calcagno, 2008; Ngo, Chi, & Park, 2018; Radford, Pearson, Ho,
Chambers, & Ferlazzo, 2012). Programs at the high school level, bridges and preparatory
bootcamps before post-secondary education, reforms to remedial course curricula, and revised
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teaching strategies have been assessed to determine their impact on passing rates of remedial
courses, as well as their effect on overall degree completion (Grubb, 2010; Grubb et al., 2011,
Hodara, 2013; Levin & Calcagno, 2008; Radford et al., 2012; Smith et al., 2015; Wiseley, 2011).
While many studies have conflicting results; adding context, humanization, critical
thinking/creativity, and rigor has shown to create a dynamic shift in how students view the
discipline, as well as their place in it, and therefore led to higher pass rates (Grubb, 2010;
Hodara, 2013; Levin & Calcagno, 2008; Radford et al., 2012). In addition, the specific inclusion
of vocational connections and authentic applications to symbolic problems were found to be
successful in alleviating misunderstandings (Grubb et al., 2011, Hodara, 2013; Levin &
Calcagno, 2008; Radford et al., 2012; Wiseley, 2011).
The International Commission on Mathematics Instruction (IMCI) has a thorough history
of developing and assessing the current uses of historical mathematics (HM) curriculum from
global perspectives (Clark, Kjeldsen, Schorcht, Tzanakis, & Wang, 2016; Fauvel & Maanen,
2000). These documents discern what history is appropriate, pertinent, and relevant to math
education, the role it can play and how has historical mathematics been incorporated into the
curricula, textbooks, educational aids/resource material, and teacher education (Clark et al.,
2016; Fauvel & Maanen, 2000). The global documents led to future empirical studies on the use
of HM through primary historical sources (Penegelly, 2011; Fernoli, Furinghetti, & Somaglia,
2014), as a motivation factor (Fierra & Rich, 2001; Nilsen & Vegusdal, 2017), as theoretical
frameworks (Jankvist, 2009), to develop materials (Panagiotou, 2011), as well as objections to its
incorporation (Bråting & Pejlare, 2015). Each element of historical mathematics was aligned and
compared against the themes discovered in the reforms of post-secondary developmental math
courses. In addition, elements of historical mathematics were assessed in conjunction with
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Banks’ (1993a, 1993b, 2010) five dimensions of multicultural education to become the basis of
the chronological multicultural mathematics framework that was utilized as the intervention of
the study.
The other literature component entails the methodology of studies that were utilized in
collegiate courses that assessed historical mathematics use to develop math identity in students
(Abah, 2017; Ho, 2008). The Abah (2017) and Ho (2008) studies were empirical studies that
utilized historical mathematics supplements to curricula, to determine student identity
development. These qualitative studies have added to the growing literature of how mathematics
identity is formed and how math identity can be related to math achievement. However, the
setting of these studies were credit-bearing courses, not post-secondary developmental math
courses which is the basis of this dissertation.
In the next chapter, theoretical frameworks, I review the few studies that specifically
address the math identity of students enrolled in post-secondary developmental math courses
(Beneken et al., 2015; Howard & Whitaker, 2011; Larnell, 2016; 2017). These studies focus on
recounting the hardships and negative experiences many of these students face and their resulting
low self-efficacy, apathy, and hatred for the subject. Yet, through meaningful moments while
enrolled in the course, being challenged with difficult material, or simply having the opportunity
to discuss their identity has led to better outcomes and more positive math identities (Beneken et
al., 2015; Howard & Whitaker, 2011; Larnell, 2016; 2017). Successful math students of
developmental courses are able to identify these turning points in which a shift in mindset
provided the impetus for math achievement and motivation instead of past avoidant strategies
(Howard & Whitaker, 2011). Students' ability to reference their own capacity to learn and
previous instances of successfully performing mathematics becomes a part of their actual
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abilities (Sfard, 1995). Reflecting on meaningful moments can shift their mathematical identities
from being incapable (failing placement tests and enrolled in post-secondary developmental
courses), to capable and able to achieve (understanding the material, completing assignments,
passing the course) (Larnell, 2016; Martin, 2014). Developmental post-secondary math courses
need objective revisions to include curricula that provide the impetus for positive attitude
development towards mathematics including growth mindset and interest in math (Beneken et
al., 2015).
Yet, the intervention ideas promoted by the studies above do not provide additional
elements to the curriculum that are based on historical context and humanization of the content.
A historical or chronological approach has the potential added benefits of providing role models
for students to look up to and identify with (Jankvist, 2009b; Shostberger, 2000). The
humanization of the content through teaching students that real people created these concepts to
solve actual problems (and often struggled doing so) can motivate students and help foster these
meaningful moments (Jankvist, 2009; Sfard, 1995). A historical context can help students to
reformulate their identification with the discipline adding value and interest in tandem. This
current dissertation attempted to add to the wealth of knowledge on math identity, by employing
supplemental material to the content in the form of a CMM framework for students enrolled in
post-secondary developmental courses.
Brief Review of the Methodological Literature Related to the Study
This mixed methods case study relies on the use of integration analyses based on the four
stage pillar integration process (PIP model) (Johnson, Grove, & Clarke, 2019). Interpretation and
integration of quantitative data and qualitative data will be used to match themes of math identity
development (self-concept, utility or value, and interest) and math achievement during the
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analysis portion of the study (Johnson, Grove, & Clarke, 2019). To first collect, discover, and
develop these themes, the qualitative data was built from interview techniques devised from
Phenomenological Variant of Ecological Systems Theory (PVEST) developed by Spencer,
Dupree, and Hartmann (1997). This chronological approach to interviewing incorporates the full
history of the interviewee (utilized previously for marginalized populations) to better understand
their trajectories to success (Houston, Pearman, & McGee, 2020; McGee & Bently, 2017;
McGee & Martin, 2011, McGee & Pearman, 2014). After setting up the interview, survey, and
reflection questions based on PVEST, the gathering of qualitative data and development of
themes was based on Glesne’s (2016) thematic analysis approach. By not prescribing definitions,
openness in coding adjectives, and flexibility from attempting to learn from individuals'
experiences the base themes emerged naturally (Glesne, 2016). Once themes were gathered, they
were checked with a QDA data miner to ensure objectivity. During each level of analysis of
themes from the PIP model, the overarching research question of the development of math
identity will be grounded in the process based on Marshall and Rossman’s (2015) belief about
meticulously structuring qualitative analysis to generate the most knowledge from each interview
result.
Limitations of the Study
The limitations of this study include the fully online nature of the study due to the
restrictions of COVID-19 and the limited participant pool utilized in this study. After a pilot
study was carried out in person for two sections of post-secondary developmental math courses,
the actual study occurred over two sections of online developmental courses. The limited subject
pool and online courses caused the total number of participants to be nine who experienced the
chronological multicultural mathematics (CMM) framework; with only seven participants
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completing interviews (five completing all three). Other limitations include the principal
investigator carrying out the interviews, transcription, and analyses of qualitative data
individually. Without having the feedback from other researchers during this process, there is the
opportunity for biased interpretations and missing imperative data due to preconceived notions of
the trajectory of the data. Limitations were attempted to be mitigated utilizing CAQDAS
(Computer Assisted Qualitative Data Analysis Software), Max QDA software, when analyzing
the qualitative data for theme representation. Having the references to themes organized and
represented by numerical values provided an objective measure to check the researcher’s
assumptions.
Scope and Significance of Study
The study occurred at a Southwestern state university for a duration of two months. The
materials and protocols were assessed during a pilot study that occurred across two in-person
developmental math sections of the Fall 2020 semester (four month duration), at the same
university. The mixed methods case study assessed two online sections of developmental postsecondary math courses. The study occurred over one seven week summer session with follow
up interviews occurring three weeks after the completion of the course. The student participants
varied in age (19-46), race, and other demographics. Each of these student participants began at
the same level of math achievement, either previously failing the course or were unsuccessful in
passing the placement test to take credit-bearing mathematics courses at the college level.
Mathematics courses have been seen as a major barrier to collegiate entrance and
graduation, especially across science, technology, engineering and mathematics (STEM) majors
(Bryk & Treisman, 2010; Larnell 2016, 2017; Rosin, 2012). The United States economy will
require increasing STEM degree graduates at a rate of 34% a year to create the 1 million
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additional STEM professionals to fill the openings across these fields over the next ten years
(PCAST, 2012). In 2010, there were 3.6 unemployed individuals to every one non-STEM job
vacancy, but STEM job vacancies outnumbered unemployed people by almost two to one
(Change the Equation, 2010). While National Science Foundation (NSF) grants of $1.5 billion
and an additional $675 million National Institute of Health funds were spent on STEM
recruitment efforts, the attrition rates of college students enrolled in STEM majors has not
changed (Gandhi-Lee et al., 2017).
In the United States, proficiency in mathematics is below average when compared to
other developed countries (Loveless, 2006). A significant number of students entering
universities are notably unprepared for college level mathematics courses (McCormick & Lucas,
2011; Xu & Dadgar, 2018). Developmental college math courses are often students' first
experience with post-secondary STEM courses, as fifty-nine percent of community college
students and thirty-three percent of college students at public four-year institutions test into them
(Ganga & Mazzariello, 2018). Yet, three out of four (75.4%) are unsuccessful in passing
developmental math courses, and more than four in five (81.5%) are unable to go on to graduate
successfully or earn a certificate (Bahr, 2008).
There are many potential underlying root causes for the inability of students to succeed in
developmental college mathematics courses including: math ability, family responsibility, work
school balance, time constraints, motivation, and the construction of the courses themselves
(Grubb et al., 2011; Hodara, 2013; Perin, 2004, Xu & Dagar, 2018). Lack of prerequisite math
skills is often cited as the root cause, but developmental post-secondary courses are designed to
build on these integral skills. The curricula utilized (Bryk & Treisman, 2010; Hodara, 2013;
Levin & Calcagno, 2008; Wiseley, 2011) and the students’ depleted math identity (Benken,
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Ramirez, Li, & Wetendorf, 2015; Larnell, 2016, 2017) are viable contributors to the high levels
of failure across developmental math courses. To combat this phenomenon, reforms to
developmental post-secondary math courses have been occurring at the high school, bridge,
structural, curricular, and pedagogical levels (Grubb, 2010; Hodora, 2013; Radford, et al., 2012).
However, there is currently no agreement of effective program structures or pedagogical
frameworks across populations for students taking developmental non-credit bearing postsecondary mathematics (Biswas, 2007; Schwartz & Jenkins, 2007). Specific elements of reform
including a balance between traditional skill building and learning concepts, combined with
access, context, rigor, humanization, and critical thinking/creativity have shown to have
immediate and long-term impact on academic success across varied empirical studies (Ganga &
Mazzariello, 2018; Hodora, 2013; Levin & Calcagno, 2008; Ngo, Chi, & Park, 2018; Radford et
al., 2012; Smith et al., 2015; Wisely, 2011).
Despite large failure rates, the post-secondary students who are able to complete
developmental math courses subsequently graduate at only slightly lower (Bettinger & Long,
2004) or at increased rates (Attewell et al., 2006; Bahr, 2008), compared to students that do not
require mathematics development. In addition, four of the major racial groups (White, Black,
Hispanic and Asian) benefit at significantly similar rates from passing developmental math
courses on their future academic tracks (Bahr, 2010). Promising work by Larnell (2016),
Beneken et al. (2015), and Howard and Whitaker (2011), reveal that restructuring or refocusing
developmental courses to develop a positive student's math identity and self-efficacy can combat
low effort, stigma, and negative stereotypes and lead to positive academic outcomes. By adding
math identity building elements (context, personal reflection, a vocational purpose, etc.) into the
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curricula, a dynamic shift in how students view the discipline, as well as their place in it can be
fostered.
The mixed methods case study is designed to explore the first-hand experiences of
students exposed to elements of a chronological multicultural mathematics framework, while
enrolled in developmental college math courses. While there have been few studies that explore
the identity development of minority students enrolled in secondary developmental math courses
(Larnell, 2016, 2017), and many studies assessing the curriculum reform to developmental
college mathematics courses (Grubb, 2010; Hodora, 2013; Radford et al., 2012); there is a dearth
of elements that combine the two. Howard and Whittaker (2011) created a study to determine
students' math history within a developmental course. The study discerned that there was a
monumental turning point in a students' math history that coincided with growth and academic
achievement (Howard & Whitaker, 2011). However, this study did not delve into the identities of
the student participants, nor propose supplementation to the curricula to achieve this math
identity development.
The mixed method study of this dissertation provides reforms by adding chronological
content and multiple interviews per participant to explore in-depth changes in students' math
identity. The chronological multicultural mathematics (CMM) framework utilizes elements of
multicultural education from a historical approach that alters the mathematics curriculum in
novel ways. Building upon the tenets of historical mathematics and Banks’ five dimensions of
ME, the past, present, and future approach has never before been utilized, much less with a
developmental post-secondary math class. The CMM interventions employed in this study
germinated organically in high school classrooms and were then piloted in developmental
mathematics classrooms.
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Chapter One Summary
The introductory chapter provided background information concerning the problem that a
large percentage of students are unsuccessful in post-secondary developmental math courses, as
well as the significance of this issue, as it impacts the failure to meet the demands of a changing
United States economy. The chapter also provided a brief overview of the literature to be
covered in the dissertation, as well as introduced the theoretical frameworks that will guide the
rest of the paper. In addition, the introductory chapter provided operational definitions for all of
the terms that will be referenced in the following chapters. Chapter Two details the concept of
mathematics identity, as it can be applied to the scope of this study (student participants enrolled
in post-secondary developmental courses), and Banks’ five dimensions that is the basis for the
intervention of chronological multicultural mathematics (CMM) framework that was
incorporated into the courses.
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CHAPTER TWO: THEORETICAL FRAMEWORKS
Chapter Two Introduction
The theoretical frameworks of a complex mathematics identity study in a post-secondary
setting are assessed and detailed in this chapter. Not only will the construct of math identity be
broken down into distinctly different measurable components (self-concept, interest in
mathematics, and value/use of mathematics), the construct will be applied to the scope of the
study (post-secondary developmental math classes). More importantly, the idea of mathematical
identity will be theorized to be a changeable entity, and thus can be affected by meaningful
experiences while doing, in the classroom setting of, and/or thinking about mathematics.
The second part of the theoretical framework chapter outlines multicultural education
(ME) by its core values and Banks’ (2009, 2010) five dimensions. Banks’ (2009, 2010) five ME
dimensions were the foundation of the chronological multicultural mathematics (CMM)
framework utilized for the intervention tasks of the study. In addition, Banks’ (1993b, 2010)
dimensions were referenced in making critical choices for determining which interviewing
protocols to utilize, collaborating with the instructors of the courses, and building reflection
questions after each task. ME was also the lens in which determinations were made about what
to focus on for the analysis portion of the study.
Math Identity
Math identity, or the degree that one perceives themselves as a math person consists of
three components: self-concept, interest in mathematics, and value/use of mathematics (Crossley
et al., 2018; Crossley et al., 2020). The three components combine to form a construct of
students believing they are capable of achieving in the discipline, as well as the personal interest
and value individuals place in the subject. Math self-concept is the ability to feel competent to
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meet challenges and perform in the discipline based on past experiences (Crossley et al., 2018;
Lock, Hazari, & Potvin, 2013). Individuals' expectations for achievement in the math discipline
can shape their personal view of themselves within the subject. This construct goes beyond selfefficacy measured through self-reports after a task (Bong & Skaalvik, 2003). Self-concept
operates subconsciously, and is based on a history of experiences with the topic. A reciprocal
positive relationship with achievement is bred from self-concept with positive academic
outcomes fostering a greater concept and failures depleting a sense of ability (Crossley et al.,
2020).
Value is the degree of how much a person believes mathematics can be presently used or
applied in life outside of the classroom (Crossley et al., 2018; Crossley et al., 2020). Sense of
utility can lead to goal setting activities and increased motivation (Jankvist, 2009a; Crossley et
al., 2020). The usefulness of the discipline is directly related to the different context in which it
can be applied for future vocations and non-professional pursuits (Jankvist, 2009a; Wiseley,
2011; Staats, 2005). In addition, value is tied to external social influences of peers, instructors,
and family to shape individuals' math identity (Banks, 1995; Frenzel et al., 2010; Larnell, 2013,
2016, 2017). The influence of how the academic institution views mathematics (Larnell, 2017),
how popular culture portrays the discipline (Banks, 2009; Lingard, 2000), as well as the
community’s embrace (or lack thereof) (Tate, 1995, Turner et al., 2015) can have a deep impact
on how individual students perceive the value of the discipline.
Interest is the desire and curiosity to think about and understand the mathematical
content for future endeavors (Lock, Hazari, & Potvin, 2013). Interest of math identity contains
cognitive and affective tenets to promote engagement within the discipline (Crossley et al., 2018;
Crossley et al., 2020). Productive engagement in content stems from utilizing relevant and
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challenging material (Levin & Calcagno, 2008; Hodora, 2013). Mathematical interest has the
ability to foster persistence in students when faced with frustration (Hidi & Renninger, 2006).
Curricular and pedagogical choices to foster engagement can consist of understanding and
tailoring equitable learning experiences (Banks, 2009, 2010; Borgioli, 2008).
Utilizing reforms that attend to each component of math identity can promote students’
positive identity development. Altering the math curriculum to include role models who
developed the formulas (and the reasons for their development) and understand the difficulties it
took to conceive these mathematical advancements can provide a sympathetic awareness to
students as they struggle with certain concepts (NAME, 2019; Jankvist, 2009; Morrison et al.,
2008; Sfard,1995). Creating challenging application problems where students become aware of
the current professions in which the formulas are utilized in authentic relevant situations can
foster value and interest in tandem (Hernandez-Martinez & Vos, 2018; Nilsen & Vegusdal,
2017). Awareness of the relevance through utility, structuring courses and designing curricula to
increase students' belief in their math abilities, and promoting interest through relevant discourse
in the subject matter, can combat the negative stigma of being enrolled in developmental postsecondary courses.
Math Identity of Students in Developmental Post-Secondary Courses
Post-secondary developmental courses often carry a negative stigma that students are
unable to do mathematics, which can be reified by media sources and popular culture (Larnell,
2013, 2016). Students’ math self-concept or belief in their ability can be shaken by believing
they are unable to enroll in credit-bearing post-secondary courses due to their lack of skills and
previous education history (Beneken et al., 2015; Howard & Whitaker, 2011; Larnell, 2016).
Benken et al. (2015) reported that students' conceptualization of mathematics predicts their
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success in non-credit bearing developmental courses, beyond their math histories of taking,
passing, and retaining information from high school courses. “Students’ self-perception,
confidence, attitudes and beliefs, and anxiety are all linked to persistence and motivation to study
mathematics” (Benken et al., 2015, p. 15). Expanding curricula of developmental courses to
provide avenues (investigations and interest building reflections) to promote positive internal
beliefs of perceived skills, enjoyment, confidence, and comfort in mathematics lead to higher
passing rates (Benken et al., 2015).
Students’ perceptions of their ability and achievement capability can influence their
motivation and performance through the development of a growth mindset, instead of learned
helplessness of challenging work (Dweck, 2006). Through qualitative research efforts, Howard
and Whitaker (2011) reported that overcoming a past negative experience in students’
unsuccessful math learning and focusing on a positive turning point resulted in successful math
performance in post-secondary developmental courses. These successful students were able to
see value in mathematics, as it was vital to their future vocational goals, motivating them to
complete all of the assigned mathematics course content (Howard & Whitaker, 2011). Martin,
Galentino, and Townend (2014) reported that motivation, drive to succeed, and selfempowerment are related to persistence in developmental courses at the community college
level. The students who were successful in navigating post-secondary developmental courses
saw themselves as capable and are able to persist through the programs (Martin, Galentino, &
Townend, 2014). The ability to develop positive math identities across self-concept, value, and
interest can combat negative affect, belief structures, and feelings that contribute to apathy and
attrition.
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Dynamic Math Identity
Larnell (2013, 2016, 2017) has developed a construct of mathematical identity applied to
students that are enrolled in post-secondary developmental math courses. Larnell (2016) details
math identity as a dynamic narrative that is continuously shaped by views of the self, as well as
the social elements of the community (friends, family influences) and institutions (classes, tests,
teachers, exams). The dynamic or mutable nature of math identity narratives for post-secondary
developmental math students are aligned to the conclusions of Howard and Whitaker (2011),
who discerned turning points and impactful moments were not only able to shift students’ selfperceptions, but resulted in math achievement.
Building upon dynamic math identity theories of Sfard (2012) and Martin (2007), Larnell
(2016) concluded that beliefs, attitudes, and motivations are significantly affected while students
are doing and using math in developmental post-secondary classes. Identity satisficing (not
maximizing opportunity from these courses) and racialized identity threat (the large number of
minority students in developmental classes, how developmental classes are viewed by outsiders,
and the students’ biting sarcasm used in describing their accounts of developmental math class)
resulted in students’ questioning their own capabilities, the value of the subject, while reifying
mathematics as a barrier to future collegiate success (Larnell, 2016). These notions of
detrimental stereotypes were signified in Math 99, a training skit for incoming freshmen put on
by upperclassmen at the college where Larnell (2016) conducted research. African American
upperclassmen acted out social and academic difficulties in a fictionalized developmental math
class setting that compounded and normalized negative academic views of these students'
mathematical abilities (Larnell, 2016). The deficit-based stigma of post-secondary
developmental math classes and negative stereotypes can be combated through structural and
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curricula reforms based on equity. Providing positive math identities through context-based
materials, reformed teaching approaches that value identity, opportunities for rigor, and
including value based applications can foster a strong sense of self-efficacy to promote
perseverance.
Placement in developmental math courses has overall negative impacts on students’ math
identity (Benken et al., 2015; Davis & Martin, 2008). This coupled with lack of success within
these courses can create low self-efficacy that results in high attrition rates (Rosin, 2012).
Particularly for African American and Latino students, emphasized skill-based instruction
creates a racialized ceiling that emphasizes the minimums for success (Bahr 2010, 2008; Davis
& Martin, 2008). Institutionally based racist assumptions of African American and Hispanic
students by their educators and the resulting class composition negatively impacts students’
mathematical abilities (Bahr 2010, Davis & Martin, 2008; Larnell, 2016). Teaching less or
teaching down without rigor can result in lack of interest and motivation for all students, as they
are left unchallenged (Larnell, 2016). In contrast, to increase math identity (with its components
of self-efficacy, value and interest), rigor and complexity stemming from challenging context
dependent activities can help students reach their optimal potential (Bruner, 1977). Multicultural
Education’s (ME) theoretical framework utilizes tenets of equity, respecting differences, and
identifying and combating systemic inequalities to provide pathways for academic access
(Banks, 2009; Gay, 1994). Crafting curricula employing ME philosophy can help students
achieve their potential, by experiencing a safe learning environment, in which they are
challenged to succeed with culturally relevant learning materials (Hammond, 2014; LadsonBillings, 2014).
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Multicultural Education
Multicultural education (ME) is a two-fold endeavor. At the internal level, ME is an
instructional practice of diversifying pedagogy to most appropriately teach it to the students in
one’s classroom setting (Alcoze, 1993; Banks, 2009; Jao, 2012; Nasir, Cabana, Shreve,
Woodbury, & Louie, 2014; Nieto & Bode, 2018). At the external level, ME provides culturally
appropriate examples and experiences to expose students to the individuals and peoples that have
generated and contributed to the disciplines being taught (Alcoze, 1993; Banks, 2009; Nieto &
Bode, 2018). These two levels provide a comprehensive learning environment for students.
Internally, students have lessons tailored to their own individual ethnicities, races, genders,
religion, interests, abilities, and other substantial components of their identities (Banks, 1993a,
1993b; Nieto & Bode, 2018). The educational experience allows the students to feel understood
by their instructor; as they are provided with an opportunity to learn, that aptly reflects their
viewpoints and builds upon prior funds of knowledge (Moll et al., 1992) and values their cultural
capital (Yosso, 2005). Yet, this relevancy does not fully encompass ME, as there are many other
viewpoints and identities that should be championed to provide a complete picture of the
discipline. At the external level, the content being presented must be rich in diverse cultural
representations (Banks, 1993a; Gay, 1994; Nieto & Bode, 2018). Students can benefit from
learning about all of the divergent viewpoints and accomplishments that built the knowledge
base (Banks, 1993a, 1993b, 2009, 2010; Nieto & Bode, 2018). This can also account for
classrooms that lack diversity, while lessening negative stereotypes, as students learn the value
and utility from the contributions of members from differing backgrounds (Banks, 1993a, 2010).
Nieto and Bode (2018) define ME as a process of school reform and education for all
students that challenges and rejects racism and discrimination, while affirming and accepting
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pluralism (ethnic, racial, religious, gender, etc.) of the students, their communities, and the
teachers. Multicultural education (ME) is rife with misconceptions as many educators have come
to view it as another checkbox in the laundry list of objectives, standards, lesson plan
requirements, and training to accomplish, which burden their classroom presentation. Some
misconceptions include token lessons of holidays, special months, and potlucks that do not
reveal any actual knowledge of the meanings behind the holidays or meals themselves (Banks,
2009; Nieto & Bode, 2018). Clark (2002) alludes to other misconceptions that include ME
benefitting only minorities and women, instead of the canon that privileges white, middle-class,
male students above all. Yet, ME is rooted in serving students from all walks of life (Banks,
1993a). Another misconception, cited by Clark (2002) and Banks (1993a) is that ME is not
incorporated in higher level science and mathematics courses. Clark (2002), discusses the
financial and vocational benefits for individuals who are exposed to ME in their math and
science educational tracks and that culturally diverse curriculums for math and science courses
have been around in higher education for over forty years.
Core Values of Multicultural Education
Multicultural Education (ME) is an approach to teaching and learning that is founded on
democratic values that affirm cultural pluralism within culturally diverse societies in an
interdependent world (Amney-Dixon, 2004, p.1). ME logically utilizes different contexts,
resources, and perspectives to show the accomplishments of various cultures, as well as alter
educational practices and effect systems to ensure that every student is attended to and has
pathways to future scholastic successes (Alcoze 1993, Banks, 2009). ME seeks to empower
diverse student bodies through equity based educational practices and systems (Borgioli, 2008;
Jao, 2012; Nasir, et al., 2014; Morrison et al., 2008). Core values for this educational approach
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include equity, democracy, and social justice. Banks (2009) stated that “multicultural education
is an approach [movement, process, and notion] to school reform designed to actualize education
equality for students from diverse racial, ethnic, cultural, social, class, and linguistic groups.” (p.
13). Banks (2010) recognizes, respects and promotes tolerance for differences of age, sexual
orientation, disability, social class ethnicity, color, religion, language and cultural characteristics.
Cultural diversity is not considered a liability to be overcome, but as an asset that results in an
inclusive curriculum which enhances the learning process.
Whether ascribing to culturally responsive pedagogy (Gay, 2018; Hammnd, 2014),
culturally relevant pedagogy (Ladson-Billngs, 2014), or culturally sustaining pedagogy (LadsonBilings, 2014; Paris, 2012) the constructs to employ ME teaching into action, in the classroom
remains unchanged. By setting rigorous standards, creating access and pathways for higher
learning and humanizing academics; ME can provide the safe space for diverse students to selfactualize and develop positive scholastic identities (Gay 2018; Ladson-Bilings, 2014; Paris,
2012). In addition, understanding that academic institutions are rooted in an oppressive system,
based on elitist societal demands can establish the pre-conditions to confront entrenched
methodologies (Banks, 2010). Recognizing that most underprivileged schools are operating
unsuccessfully, as they were intended, fueled by money from reforms can help illuminate the
need for systemic changes (Fasching-Varner et al., 2014). Cultural competence, demonstrating
caring, communication, ethnically diverse delivery, and building learning communities can
prepare educators for practicing ME (Ladson-Billngs, 2014; Gay 2002). Across disciplines, ME
core values provide access avenues for diverse student populations.
To achieve an equitable, democratic, and social justice based educational environment;
the school system must prioritize and promote establishing awareness and celebration of
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diversity. Banks (2009) refers to this dimension as Empowering School Culture and Social
Structure, the highest level of ME. Beyond the students’ direct experience, educators’ practices,
and the curricula in place, ME entails the full participation of all community members. Through
respecting and valuing community members input, a well-rounded educational experience from
differing perspectives can be achieved (Banks, 2009). In an ethnically and racially diverse nation
and world, ME sustains cultural practices and is accountable to the local community while at the
same time enabling access to the dominant society at large.
The benefits of incorporating ME in post-secondary education include accounting for
changing student demographics, promoting camaraderie through valuing different perspectives,
and reducing conflict by emphasizing democracy and justice (Amney-Dixon, 2004). In a postsecondary setting, individuals from different backgrounds and age groups interact through
learning experiences that can refine and increase intellectual and moral development. The core
values of ME can serve as the foundation for reforms of highly failed developmental postsecondary courses. Altering curricula and instructor practices to account for ME has the potential
to provide students in post-secondary developmental courses an avenue to foster more positive
scholastic identities.
Banks’ Five Dimensions of Multicultural Education
Banks (1993a, 1993b, 1995, 2009, 2010) created a theoretical framework of
Multicultural Education (ME) to help instructors and educational professionals create optimal
learning experiences for diverse learners. As presented in Table 3 below, Banks (1993a, 1993b,
1995, 2009, 2010) described five dimensions constituting ME: (1) content integration, (2) the
knowledge construction process, (3) prejudice reduction, (4) an equity pedagogy; and (5)
empowering school culture and social structure. “Although each dimension is conceptually
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distinct they overlap and are interrelated” (Banks 2009, p.15). As educators and curriculum
writers move down the continuum of dimensions, the incorporation of ME becomes more
challenging, as it in turn increases in impact for learners.

Table 3: Description of Banks’ 5 Dimensions of Multicultural Education.
Dimension

Description

1.
2.

Providing examples of content from different cultures.
Teaching about how knowledge is formed and influenced
by the race class and standing of certain groups
Understanding how content was created and helping
students make sense of it.
Taking students' personal and cultural experiences and
infusing them within the classroom will make the content
more relevant and the classroom more welcoming for
diverse students.
Mainstream media tends to color the ideas of our society,
especially impressionable students, resulting in
stereotypes and misconceptions.
Standards, concepts, paradigms, theories and explanations
that constitute traditional and established knowledge in
education disciplines for the specific nation.
Challenging the facts, concepts, themes, explanations, and
paradigms of mainstream academics.
The setting of the academics, understanding the policies
and procedures for advancement through the education
system.
Finding strategies that can be used to help students
develop more positive racial understandings.
Modify teaching in ways that will facilitate the academic
achievement of students from diverse racial, ethnic,
cultural, and gender groups.
Restructuring of school culture to foster a student’s
experience of educational equality and a sense of
empowerment within the community

Content Integration
Knowledge
Construction

2A. Personal/Cultural
Knowledge

2B. Popular knowledge

2C. Mainstream Academic
Knowledge
2D. Transformative
Academic Knowledge
2E. School Knowledge

3.

Prejudice Reduction

4.

Equity Pedagogy

5.

Empowering School
Culture and Social
Structure
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Content integration refers to incorporating examples and materials from a variety of
cultures to illustrate key concepts (Banks 1993a, 1993b, 2009). Integrating culture with content
in a relevant way is a rational, unforced endeavor. Content integration can occur at any grade
level or subject area through utilizing culturally relevant materials (Clark et al., 2016; Fauvel &
Maanen, 2000). Educators must remain genuine and rational when utilizing such examples to
ensure that skills practice and rigor is not lost to a focus on concepts and historical development.
Knowledge construction is a more in-depth form of content integration, as the cultural
examples are presented from their identifying perspectives. Knowledge construction helps
students understand how the learning content is formed and influenced by the race, class, and
standing of certain groups (Banks 1993a, 1993b). Students are enabled to investigate and
determine how cultural assumptions and frames of reference and biases impact knowledge
development (Banks, 2009; Nieto & Bode, 2018). Teachers have the ability to help students
understand how the content was created (Jankvist, 2009a; Sfard, 1995), as well as help students
make sense and grapple with assimilating the tenets of such content (Alcoze, 1993; Fauvel &
Maanen, 2000). Knowledge construction involves methods, activities, and questions used by
teachers to help students understand, investigate, and determine implicit cultural assumptions,
frames of reference, perspectives, and biases within a discipline (Banks 1993a, 1993b, 2010).
Banks (1995) stated STEM teachers may reject this modality as it is irrelevant to their craft,
because using biographies is not the most important task for STEM educators to undertake.
There are five tenets of knowledge construction: personal/cultural, popular knowledge,
mainstream academic knowledge, transformative academic knowledge, and school knowledge
(Banks 1993a, 1993b, 1995, 2009). Personal/cultural knowledge is based on the information
students bring with them into the classroom. Taking students personal and cultural experiences
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and infusing them within the classroom experience will make the classroom welcoming for
diverse students (Yosso, 2005). Capitalizing on what students already know can make the
content more relevant, interesting, and of value (Moll et al., 1992). Popular knowledge consists
of the widely held beliefs surrounding a student’s world. Popular mainstream media tends to
color the ideas of our society, especially to impressionable students. Stereotypes and
misconceptions about who can be a STEM professional can be detrimental to students (Alcoze,
1993; Larnell, 2016; Sfard, 1995). Mainstream academic knowledge consists of the foundations
of the educational system (Banks, 1993a, 1993b, 1995). The standards, concepts, paradigms,
theories, and explanations constitute traditional and established knowledge in education
disciplines. This objective curriculum of the nation's institutions often prevents students at all
levels of education from gaining a sophisticated, complex, and compassionate understanding of
national history, society, and culture. Transformative academic knowledge is agency-based
knowledge (Banks, 2009). Students and teachers are encouraged to challenge the facts, concepts,
themes, explanations, and paradigms of mainstream academics (Gay, 1994; Nieto & Bode,
2018). Helping students challenge the tenets of STEM concepts can begin by pushing students to
discern alternate and multiple paths for solutions (Lesh & Doerr, 2003; Maharani, 2014) and lead
to later advocacy experiences (Tate, 1995). School knowledge is the setting in which these
knowledge construction tenets are realized (Banks, 1993a). The four tenets of knowledge
construction are delineated by Banks (1993a, 1993b) to signify distinct dimensions of the
educational process. These dimensions all take place in a closed institutional setting, the school.
For the implementation of an effective program the “values, norms, ethos and shared meanings”
(Banks, 1993b, pg. 33) of the school must align and promote the tenets of ME. The social system
of the school can either encourage or discourage successful student outcomes.
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Prejudice reduction refers to the characteristics of students’ attitudes and perspectives to
the educational content, their peers, and themselves. How do educators find and implement
strategies to help students develop more positive racial understandings and more democratic
racial attitudes (Banks, 1995, 2009)? As children grow older, it becomes increasingly difficult to
modify their racial attitudes and beliefs (Banks, 1995). Teaching methods and materials can be
modified to directly impact students’ racial attitudes (Banks, 2009). Alport (1979) theorized this
reduction of prejudice occurs through improvement in intergroup connections through contact in
which equal status, sharing goals and intergroup cooperation (as cited in Banks, 2009). Authority
figures managing intergroup prejudice reducing activities, in a safe learning environment, can
lead to positive shifts in learner racial attitudes (Banks, 2009).
Equity pedagogy signifies the contribution of various cultures and recognizes students'
distinctions through employing diverse teaching strategies (Banks, 1993a, 1993b; Nieto & Bode,
2018). Equity exists when teachers modify their teaching in ways to facilitate academic
achievement and provide access for students from diverse racial, ethnic, cultural, and gender
groups (Banks, 2009). The National Council of Teachers of Mathematics (NCTM) (2014)
describe equity pedagogy as including reflecting (an educator’s own pedagogy and identity),
noticing (paying attention to students’ thinking and altering plans/materials to increase ability),
and engaging with the community. Educators' willingness to shift pedagogical approaches to best
meet the needs of their students can foster mutual respect and engagement (Nasir, et al., 2014).
An empowering school culture and social structure conceptualizes the school as a
complex social system, which may require the restructuring of school culture to ensure that
students can experience educational equality and a sense of empowerment (Banks, 1995). The
goal of an empowering school culture is to have students from diverse groups experience
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equality (Banks, 2009). How students are labeled or grouped, sports participation by races,
enrollment rates in gifted versus special education, and staff-student interaction should all be
examined and reformed to create multicultural equality at the institutional school level (Banks,
2009). These dimensions were designed to assist practitioners to identify and formulate reforms
to implement ME in thoughtful, creative, and effective ways. The dimensions are intended to
bridge the gap between theory, research, and practice by employing a ME framework. The
reformed Chronological Multicultural Mathematics (CMM) framework intervention (outlined in
Chapter 4) and the interview questions and reflections (outlined in Chapter 5), are guided by the
five dimensions of Bank’s theoretical framework.
Chapter 2 Summary
The theoretical frameworks chapter provided a comprehensive account of the theory of
mathematical identity as a dynamic entity able to be altered through experiences, as well as the
theory of ME. The intervention experiences that were utilized in this study are based upon the
core values of ME, and were constructed to be aligned to Banks’ (2009, 2010) five dimensions.
The theory behind the intervention-- Banks’ five dimensions, and theoretical construct that was
explored--developing math identity, are the key elements of this study. Student participants’
math identity are being assessed in the setting of post-secondary developmental math courses.
The interventions-- chronological multicultural mathematics (CMM) framework tasks based on
ME, are paramount to understanding each student participant’s individual experience with the
discipline of mathematics. Chapter Three reviews the literature of how incorporating a historical
mathematics framework has been successful in producing mathematics achievement, as well as
recounting all of the previous and current reform efforts to produce positive achievement in postsecondary developmental mathematics courses. Detailing the compatible nature for a CMM
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framework to fill the needs, where current post-secondary mathematics positive revisions have
shown benefits for students, is the underlying rationale for the intervention’s ability to foster
positive mathematics identity development.
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CHAPTER THREE: LITERATURE REVIEW
Chapter Three Introduction
The purpose of this study is to determine how interventions of a chronological
multicultural mathematics (CMM) framework can create positive identity development for
individuals enrolled in post-secondary developmental courses. The previous two chapters
outlined the scope and significance of the study, and the effects of the status quo: high failure
rates, leading to decreased graduation numbers, and an American workforce that lacks skilled
STEM professionals. The mixed methods case study utilized takes a novel approach to directly
focus on the math identity of each student participant and provide them with targeted
interventions within the course to develop positive outcomes in math achievement and
perception of their own ability, interest in, and usefulness of the discipline. The second chapter
revolved around detailing the theoretical frameworks that guided this study's construction and
analysis.
Chapter 3 reviews the current body of research on this topic from two vantage points. In
what ways has historical mathematics (HM) been utilized globally to increase math identity and
math achievement in tandem; and what are the current reforms being utilized in post-secondary
developmental math courses to increase achievement and foster identity development. Because
there are no studies that I could find that currently utilize HM elements to teach post-secondary
developmental college math courses, this cross construct approach was determined to be the
most effective in understanding HM, the types of reforms being utilized in these classes, and
determining their connections to foster positive math identity development. The literature
research bore specific elements that are common in both HM and reforms to post-secondary
developmental courses which include: context, humanization, rigor, and critical

41

thinking/creativity. Chapter three outlines each of these themes as elements that were built into
the chronological multicultural mathematics (CMM) framework that will be utilized as the
intervention for this case study. In addition, the qualitative approach of two studies (Abah 2017;
Ho, 2008) utilizing historical mathematics interventions with similar populations are assessed to
answer the research question: To what extent does the implementation of a chronological
multicultural mathematics (CMM) framework assist students’ math identity development and
math achievement, in a developmental college course?
The third Chapter reviews the methodological approach of the Abah (2017) and Ho
(2008) studies and analysis techniques selected for the study. While Abah (2017) and Ho (2008)
utilized a qualitative study, a mixed methods approach was arrived at to answer questions of
math achievement as well as math identity development for this study. In addition, the study
incorporated interviews to unearth the personal nature of math identity as well as having
additional materials appended into the curricula. This novel approach to apply standards-aligned
supplemental material into the curriculum to produce meaningful moments of identity
development, while also conducting in depth interviews of each student participant to understand
their math identity development, was designed to fill in the gaps from previous studies. There
have only been two interview-based math identity studies of the past that I could find, and the
majority have not altered or added to the curriculum to foster changes. Neither of those studies
worked with students enrolled in post-secondary developmental courses nor looked at their math
achievement in the course. In addition, the curricular reforms of developmental post-secondary
math courses have not focused on the math identity of students as well. Linking these two
disparate pieces, provides historical context which can be imperative to math identity
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development for students that have historically struggled with mathematics. The goal is to foster
math identity through the integration of chronological context into post-secondary math courses.
Research Efforts to Build Literature Review
The 2016-2017 comparison study of high school teaching modality (evaluating
multicultural relevant teaching, against multicultural historical teaching, and traditional teaching)
resulted in historical mathematics (HM) as a viable teaching modality to increase student math
achievement. Based on those results, additional research was conducted on how to create
interventions based on discerning effective elements of HM to produce identity development and
math achievement. Research was also conducted to determine a vulnerable population of
students who would benefit most from these interventions. After selecting the setting and
population of post-secondary student participants enrolled in developmental math courses,
research was conducted on what modification elements have been shown to be effective for
decreasing high failure rates and positively developing student math identity. The research on
HM yielded global documents of the International Commission on Mathematics Instruction
(ICMI). The tenth and thirteenth editions of these studies contained the most highly cited
publications for HM (Clark et al., 2016; Fauvel & Maanen, 2000). In addition, specific elements
of HM that were reported on in these international documents were later tested on for replication
of results with varying populations and age groups throughout the world. Each of these elements
are congruent with math identity development, however none were utilized with post-secondary
developmental mathematics students.
The research on modifications and revisions to post-secondary mathematics classes
resulted in large meta-analyses and literature reviews of studies across different elements: bridge
programs, supplemental services, teaching reforms, curricula reforms, structural reforms, and
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learning communities (Hodara, 2013; Radford et al., 2012). While these comprehensive sets of
reforms assess the effectiveness of different reforms to post-secondary developmental math
courses, the results were mixed and did not provide enough insight into specific elements that
could be combined with HM to develop efficacious intervention tasks at building math identity
and math achievement in tandem. Research from Bonham and Boylan (2012), Duranczyk and
Higbee (2009), Ganga and Mazzariello (2018), Grubb (2010), Ngo, Chi, and Park (2018), Levin
and Calcagno (2008), Smith et al., (2015), Staats (2005), and Wiseley (2010) were included in
the research to determine a complete view of what aspects of reform efforts for post-secondary
developmental mathematics courses have been shown to be effective in identity development and
math achievement. Each of these studies provides insight into specific types of modifications to
post-secondary developmental math courses that can be conflated with elements of HM to
produce positive identity development.
Without specific studies that utilize historical mathematics as reforms to post-secondary
mathematics courses, the research consisted of finding connections between the two disparate
sets of research. Themes of context, humanization, rigor, and critical thinking/creativity
permeated these sources as viable elements of reforms for courses which are aligned to HM
tenets. Each of these elements are highlighted in connection to identity development, as the
literature review addresses HM and reforms to post-secondary developmental mathematics
courses. The remainder of the literature review focuses on the methodology of two studies that
most closely align to this dissertation study, and how a mixed method case approach fills in the
gaps in the literature.
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Chronology of Historical Math Education
Historical mathematics (HM) is an interdisciplinary cultural learning activity based on a
history of documents and ideas that tell us who developed mathematical ideas from different
societies (Fauvel & Maanen, 2000). In 1893, Heppel first cited HM directly in a report on
mathematics education. Currently, HM has been incorporated into the standards and mathematics
practices throughout the world. The tenth study of the International Commission on Mathematics
Instruction (IMCI) described how the nationally defined curricula of Argentina, Austria, Brazil,
China, Denmark, France, Greece, Israel, Italy, Japan, Netherlands, New Zealand, Norway,
Poland, United Kingdom and the United States of America incorporated tenets of HM (Fauvel &
Maanen, 2000). The ICMI tenth study (containing research up to the year 2000) and the later
International Congress on Mathematical Education’s (ICME) thirteenth study created global
documents to discern what history is appropriate, pertinent, and relevant to math education
(Clark et al., 2016; Fauvel & Maanen, 2000). In addition, these two global documents define the
role HM can play and how it has been incorporated into the curricula, textbooks, educational
aids/resource material, and teacher education (Clark et al., 2016; Fauvel & Maanen, 2000).
The ICMI 10 assessed the potential benefits, challenges, and methods to overcome the
limitations of employing HM (Fauvel & Maanen, 2000). Common objections to HM include:
lack of time, resources, assessments, and expertise of teachers in utilizing this framework, as
well as that mathematics should be future focused on progress and innovation (Tzanakis &
Arcavi, 2000). Through in-service and preservice training of teachers and dissemination of
authentic HM materials, these challenges can be overcome (Siu, 2000; Tzanakis & Arcavi,
2000). Benefits for HM include the development of views on the nature of mathematics and
mathematical activity; the didactical background of teachers and their pedagogical repertoire; the
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affective predisposition towards mathematics; and the appreciation of mathematics as a culturalhuman endeavor (Siu, 2000; Tzanakis & Arcavi, 2000). The multi-year research efforts of ICMI
and ICME describe specific tasks and grade levels to implement HM into practice. The possible
avenues for implementation range from historical presentations, visual presentations, to use of
the World Wide Web (Tzanakis & Arcavi, 2000). Each implementation strategy is delineated
into its foundational components with relevant examples to exemplify its use by teachers and
students. Siu’s (2000) examples of implementation focused on the specific student populations.
Each example presented (algebra and analysis, heuristic introduction to analysis, probability, and
trigonometry) is defined by the grade level, the content topic of the curriculum, and how history
is included (Siu, 2000).
Themes of Historical Mathematics
The ICMI 10th and ICME 13th global guides spawned future empirical studies on the use
of HM through primary historical sources (Penegelly, 2011; Fernoli, Furinghetti, & Somaglia,
2014), as a motivation factor (Fierra & Rich, 2001; Nilsen & Vegusdal, 2017), to develop
materials (Panagiotou, 2011), as a theoretical framework to guide curriculum building (Jankvist,
2009a), as well as objections to its incorporation (Bråting & Pejlare, 2015; Fried, 2001). Specific
themes arose throughout the research efforts that were omnipresent during the development,
incorporation, and assessment of HM in K-16 education. These themes include: context,
humanization, rigor, and critical thinking/creativity. Each of these four themes will be described
utilizing studies that highlight their importance to the construct of HM. In addition, elements of
Historical Mathematics will be further described in Chapter 4, as it was the basis for the creation
of chronological multicultural mathematics (CMM), a framework that combines the past,
present, and future, to produce identity development in students.
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Context of Historical Mathematics
Providing students with a region and time period where the mathematics was developed
can spark interest and engagement in students. Students understanding the reasoning behind the
development of terms, symbols, and computational formulas can provide a route to
comprehension and retention, as well as appreciation for the discipline (Tzanakis & Arcavi,
2000; Wilson & Chauvot, 2000). Fierra and Rich (2001) explain the benefits of historical context
through incorporation by knowing the sources, selecting appropriate topics, analyzing class
news, planning activities, completing the project, and evaluating its success.
In Nigeria, 78 first year students enrolled at the Department of Science Education of the
University of Agriculture took Basic Algebra II. Abah (2017) discerned that the historical
context aided in making concepts more concrete, created behavioral engagement, added aesthetic
value, sustained students’ attention, led to more computation ease, and led to more effective
recall of mathematical procedures. In the second semester, first year basic mathematics course,
Fibonacci Tiling was employed to understand sequences and series, Ancient Chinese Fang Chen
procedures was employed to teach systems of linear equations, and Indian Meru Prastara
recursions were used to understand combinations and binomial expansions. Each of these
introductory lessons were utilized as supplemental aids before computation (Abah, 2017). Abah
(2017) utilized qualitative data from reduction strategies derived from semi-structured interviews
and journal entries to explore student reflections and progress. Abah (2017) determined that the
context of historical based introductory activities added value and deeper understanding of the
material. However, Abah (2017) did not look at students’ GPAs, final course grades, nor utilized
control groups to determine quantitative mathematical achievement of the students.
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In Turkey, Butuner (2015) found similar benefits by adding historical context into math
class, for twenty-four eighth grade students. By using Egyptian pyramids, students were able to
discern volume rules and frustum (the portion of a solid that lies between one or two parallel
planes). Using students who have never had historical content in math class, they were taught
about mathematical rules that were used in 3000 BC, through large wooden blocks of rectangular
and triangular prisms, and pyramids that created different types of pyramid shapes (Butner,
2015). Butner utilized qualitative interviews, analysis of student work, and observations to
determine that students not only enjoyed the activity, wanted to do similar activities in the future,
and understood the concept, even despite the feelings that it was challenging.
These positive engagement outcomes and ability to understand the material of students
through the use of HM context is mirrored in research studies where preservice teachers acted as
participants. Arcavi and Isoda (2007) were able to create productive learning experiences for
upper secondary teachers through using historical context for math sources where teachers were
informed on how to create experiences where students were genuinely engaged in solving
mathematical problems. Teachers were successfully able to learn how to actively listen to
students, while providing Egyptian math context to produce mathematical achievement. These
benefits of mathematical achievement using historical context were also found in pre-service
math teachers' ability to learn the concepts of incline, tangent, and cotangent utilizing an extract
of the Rhind Papyrus, written in the 17th century B.C. (Jahnke et al., 2000).
Humanization of Historical Mathematics
Learning about the people who created the content, their struggles and achievements,
provides role models for students to look up to. Humanizing the discipline helps make the topics
more relatable and can feel a connection to individual experiences (Bartolome, 1994; Ferreira &
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Rich, 2001; Jankvist, 2009a; Sfard, 1995,). Troutman and Mccoy (2008) utilized math history
lessons that focused on the accomplishments of Latin American, African, African-American and
Middle Eastern Mathematicians for their Algebra 2 students. Interviewing high school students
revealed that learning about these individuals affected the ways they viewed their success in the
discipline, usefulness of the content, and the role of race in math successes (Troutman & McCoy,
2008).
In secondary and college classrooms, Furinghetti (1997) was able to discern that learning
about the mathematicians who created the content contributed to positive outcomes in
engagement and mathematical achievement. Four different teachers from Braga and other parts
of Italy, were able to use primary and secondary sources of mathematical creators to interiorize,
condense, and reify the math content. The differences in the ways each instructor provided the
human element included: the source of the problems, historical projects, supplemental
assignments, research tasks, and a different approach to teaching the concepts. Each educator
reported positive effects of student’s engagement and understanding of the complex material
from adding the human element of the creators into the mathematical content (Furinghetti, 1997).
Guillemette’s (2017) research produced similar results for preservice teachers utilizing in
depth interviews. In a history of mathematics class, the preservice teachers learned from seven
reading activities on A’hmose, Euclid, Archimedes, Al-Kkhwarizmi, Chuquet, Roberval, and
Fermat. Using phenomenological analysis, the preservice teachers were able to learn about how
the mathematicians existed and their relation to the world, while being exposed to the
mathematical content (Guillemette, 2017). The preservice teachers were able to relate the content
through their lived experiences, through a sociocultural approach to understanding. After the
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course, the preservice teachers had a better understanding of the content, as well as developed
their own meaning about “ways-of-being-in mathematics” (Guillemette, 2017, p.352).
One theoretical framework to incorporate HM into practice was devised by Jankvist
(2009a). Jankvist (2009a, 2009b) categorizes the reasoning behind the usefulness of the HM
approach (whys) and the methods for incorporation of the HM teaching approach (hows) to gain
insight into this methodology and aid teachers in its employment. The whys and hows are
described in terms of the history of math as a tool or a goal (Tzanakis & Arcavi, 2000). By
delineating between these two tenets the advantages, disadvantages, possibilities, and limitations
of this approach are revealed. Jankvist (2009a) methods approach includes illumination (teaching
and learning is supplemented by historical information), modules (instructional units devoted to
historical cases), and history-based (shapes the sequence through integrated presentation)
components. Learning how the discipline evolved is beneficial for students. Understanding the
content creators’ struggle through parallelism and also the benefits of learning history can inspire
students’ perseverance (Jankvist, 2009a).
Jankvist’s (2009b) reported on his own study to delineate the benefits of both history as a
tool and history as a goal to determine its usefulness in teaching mathematical concepts for an
upper secondary math program in Denmark. These 23 upper secondary students were enrolled to
become higher level math educators. The materials included works of Grechet, Grassman,
Rieman, Hardy, Euclid, and Sunzi Suanjing. Students completed essay assignments (in addition
to the mathematical exercises) focusing on who created the content, when it was developed, why
it was created, and the means (or how) it came to be (Jankvist, 2009b). Results included that
learning about the historical figures helped to anchor the concepts for students, develop their
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beliefs about the question of discovery versus invention of mathematical concepts, as well as
produce meta thinking of the content (Jankvist, 2009b).
Rigor of Historical Mathematics
Learning mathematical practice and mathematical history in tandem is akin to learning
from multiple vantage points in tandem. Using historical mathematics (HM), students have the
challenge to read, write, experiment, compute mathematical ideas while learning in an
interdisciplinary format (Alcoze, 1993, Sriraman & Søndergaard, 2009; Sriraman &
Steinthorsdottir, 2007). HM combines English language arts (the reading and writing about the
mathematicians), social studies (learning about the past to create context for the knowledge
foundation, science (hypothesizing and experimenting about possible uses and alternative aspects
of the content), the arts (the visuals, manipulatives, and generation of models for the content),
and mathematics (the ability to compute the values necessary to answer the questions) (Alcoze,
1993; Siu, 2000; Tzanakis & Arcavi, 2000). Each discipline of knowledge is challenged while
applying the content to a proposed situation.
The rigorous challenge is faced by both the teachers attempting to determine what history
is applicable and how to apply it to their curriculum (Fried, 2008; Friesen, 2006; Grugnetti,
2000), as well as the students who are charged with accomplishing the task (Karaduman, 2010).
The rigorous HM curriculum produced significant increases on math success tests and in
responses for how much they paid attention in class for ten-thirteen year old students, when
compared to their peers who did not receive the interdisciplinary lessons (Karaduman, 2010).
There were no discernable differences in students' math ability, before the rigorous,
interdisciplinary, HM lessons were provided to the experimental groups. The benefits to the
integrated history lessons included sharpening problem-solving skills, producing a foundation of
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better understanding, aiding in making mathematical connections, and highlighting the
connection between math and society (bridging how math influenced world history, science,
economics, and communication) (Karaduman, 2010).
Furinghetti and Paola (2003) describe the challenge for math teachers to design
instructional sequencing for teachers and implement a successful HM framework. Teachers must
have competency across multiple fields to incorporate content, historical examples, mathematical
theory, math education, primary sources, secondary sources, web addresses, reports of
experiments, and articles on history (Furinghetti & Paola, 2003). In secondary Italian classrooms,
teachers need to be adept in choosing the correct HM materials, to produce effective instruction
and classroom discourse. Through observations, interviews, and reflections from students and
teachers, HM probability materials were seen as an avenue to multiple solution strategies and
interest generators (Furinghetti & Paola, 2003). HM influences an entire curriculum through
strategically adding context to math education, by providing teachers with in-depth critical
knowledge from historical sources (Furinghetti & Paola, 2003).
Critical Thinking/Creativity of Historical Mathematics
The implementation of HM into math education is viewed as a humanistic approach,
where the creativity and history of the creators is championed to inspire students and teachers
alike to think critically about the subject (Fierra & Rich, 2001; Fried, 2001; Jankvist, 2009a;
Sfard, 1995). Teachers and curriculum writers are tasked with infusing historical elements into
math classrooms using disparate elements to produce well-rounded rigorous education (Sui,
2000; Tzanakis & Arcavi, 2000). Students' methods for solving these HM projects and problems
require higher depth of knowledge utilizing creative means.
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In Singapore, Lim and Pang (2002) reported that the use of historical resources is able to
bring improvement in secondary students' math ability. The eighth-grade students hail from
Singapore, which ranked first at the time among the Third International Mathematics and
Science Study (TIMSS) of 28 participating countries. The students had to utilize introductory
activities around the historical development of multiplying and dividing fractions, decimals, and
right triangles that highlight the usefulness and application value of the content. The activities
included creative artistic elements, where students read about the people who in the past have
contemplated the meaning of arithmetic operations, and showing physical interpretations of the
mathematical operations that are being performed (Lim & Pang, 2002). The historical references
utilized were referenced from Jiuzhang Suanshi (nine chapters of the Mathematical Art) (Lim &
Pang, 2002.) While qualitative surveys during the case study bore beneficial results in students'
understanding of the content and ability to think critically, the teachers in Singapore voiced
concerns about not having time in their tight schedule to allow for the HM inclusion (Lim &
Pang, 2002).
Fenaroli, Furinghetti, and Somaglia (2014) devised creative elements to help prospective
secondary math teachers critically think about challenging concepts in alternative ways.
Concepts of the derivative were to be understood in novel ways to prepare teachers to be better
equipped to instruct future students with their own perspectives of the content. Through using
original sources, reflections of their own teaching, research projects, connections to related
content, and history of mathematics from multiple perspectives, these pre-service teachers were
able to have an overall better understanding of the topic of derivatives (Fenaroli et al., 2014).
The researchers wanted to go beyond transmitting historical information to the pre-service
teachers but to provide them with intuition, rigor, formal and informal approaches, and to
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“extract new senses of the concepts from historical pages in order to enrich [their] system of
beliefs (Fenaroli et al., 2014, p. 17). Although the mathematical concepts are difficult to master,
the rigor is assuaged through using a historical frame of reference and encountering new senses.
Through creative teaching elements, flexibility of approaches, the cultural value of history, the
use of integrated history allows the acquisition of difficult math content and effective pedagogy
(Alcoze, 1993; Fenaroli et al., 2014; Siu, 2000; Tzanakis & Arcavi, 2h000).
Historical Mathematics’ Impact on Identity
The four elements of HM (context, humanizing, rigor, and critical thinking/creativity) can
be viewed as a pathway to student identity development in terms of self-concept, utility or value
of the subject, and personal interest as described by Crossley et al. (2020). Learning the historical
context promotes the utility or value of the subject, as students are informed of the reasons
behind and means of development for the mathematical content and formulas. The humanization
elements and teaching of role model mathematicians can help students see themselves in the role,
increasing self-concept. Sfard (1995) reports how students being able to read about
mathematicians' struggles and achievements normalizes their own difficulties with difficult
content. The rigor and interdisciplinary efforts increase the ceiling for students of all levels as
they are challenged to understand valuable information. Students’ belief in their own
achievement abilities or ability to do math (self-concept) can also get a boost as it is combined
with other disciplines they are confident in. The critical thinking/creativity can spark the interest
in students as they get to learn from primary sources, use models, read texts and see images of
the past. The project-based reports and active learning participation of HM can fuel interest
while building student motivation and engagement.
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HM’s direct impact of students' math identity has been explored in different research
contexts from primary school to college. In Singapore, Ho (2008) researched to discern the
feasibility and role of infusing HM into college curriculum from students, teachers,
administrators, and family perspectives. HM materials (nine introductory passages, four
historical problems, three primary sources, six mechanical/ancient instruments for calculation,
three internet resources, one experimental historical activity, and one historical package) were
included in an effort to increase student motivation, develop positive attitudes towards
mathematics, and explain difficulties through studying how content was developed (Ho, 2008).
In addition, HM materials acted as a means to enhance reasoning skills using historical problems,
reveal humanistic aspects of the knowledge, use biographies to inculcate good morals and
determination, and provide a guide to craft curricula (Ho, 2008). In a twelve-week linear algebra
course, 102 college of engineering mathematics students were taught using a HM framework
(Ho, 2008). Students’ positive attitude in the form of interest/appreciation, belief, confidence,
and perseverance were assessed in journals after each lesson. These responses were analyzed and
assessed along with semi-structured interviews. Students’ mathematical confidence, interest, and
belief systems were all positively increased at significant levels from learning through the
examples of content creators (Ho, 2008). However, there were no quantitative means (final
grades, test scores, grade point averages, etc.) to determine a significant increase in their math
achievement. In addition, there was no comparison or control group for this study.
In Turkey, Butuner and Baki (2020) used Tzanakis and Arcavi (2000) and Jankvist’s
(2009) HM framework to assess students. HM as a tool and a goal was employed in useful
hands-on manipulative based activities for twenty-four eighth grade students. These multicultural
activities were integrated with access to direct historical information (dates, names, events, and
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details). Students' mindsets of mathematics were changed from a static discipline to a dynamic
developing discipline able to address daily problems (Butuner and Baki, 2020). These results
persisted for students across three levels of math ability (low, moderate, and high achieving).
Using opinion guides and semi-structured interviews, students were more likely to see
themselves as successful in mathematics, as well as believed that the activities were fun,
interesting, and beneficial through engaging in and having the opportunity to reflect on their
experiences (Butuner and Baki, 2020).
It is potentially beneficial to directly delineate the components of history into an everdeveloping chronology (as will be described in Chapter 4). An example of a chronological
framework was seen in Peterson’s (2015a, 2015b) class activity where a giant timeline was
constructed around the perimeter of the room for primary math students. The timeline contained
birthdates of students and their family members, and other important dates in the students' lives.
The points of reference allowed for the dates of math discoveries and historical events that will
be taught over the scholastic year to be understood in relation to students’ own personal
experiences (Peterson, 2015a, 2015b). The students can view themselves as a part of the
chronology of the discipline. This authentic method to reify the concept of time and
measurement, is akin to the explicit past, present, and future chronological framework which can
guide content units and develop an overarching math curriculum at every level.
Reform of Developmental Post-Secondary Courses
Traditional Developmental Math Education
Developmental post-secondary math education was designed to assist students in gaining
the skills necessary to enter and successfully complete college level courses (Bahr, 2010; Boylan
& White, 1987; Grub, 2010; Grub et al., 2011). While specific research efforts show the benefits
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of balanced approaches (Grub et al., 2011), use of context (Wiseley, 2011; Staats, 2005), and
incorporating teaching reforms (Duranczyk & Higbee, 2009; Smith et al., 2015), non-credit
bearing developmental post-secondary math courses are consistently taught in a teachercentered, individual practice, skill-drill manner (Grubb, 2010; Levin & Calcagno, 2008).
Developmental post-secondary courses seldomly use context or applications, and fail to show
how the content is useful in settings outside the course (future classes or in the world through
authentic situations) (Grub, 2010, Grubb et al., 2011). The lack of rigor and minimal
expectations can create an apathetic math culture that reifies negative stereotypes about the
discipline (Davis & Martin, 2008; Larnell, 2016). The traditional lecture-heavy, skill-based
methods can be a reminder of the high school classes that were not useful for these students and
resulted in lack of motivation and value, limited self-efficacy, and attrition (Larnell, 2013, 2017).
Hodara (2013) and Radford et al. (2012), have developed comprehensive sets of reforms
through literature reviews that assess the effectiveness of changes to developmental postsecondary courses. These two literature reviews contain almost identical categories of reform
efforts for developmental mathematics including: high school interventions, bridge programs,
supplemental services for traditional developmental courses, curriculum reforms, teaching
reforms, structural reforms, and learning communities. However, there are differences in
agreement of effectiveness across strategies. In addition to the studies outlined in these literature
reviews, research from Bonham and Boylan (2012), Duranczyk and Higbee (2009), Ganga and
Mazzariello (2018), Grubb (2010), Ngo, Chi, and Park (2018), Levin and Calcagno (2008),
Smith et al., (2015), Staats (2005), and Wiseley (2010) were included to create a comprehensive
picture of the current state of reforms for developmental post-secondary mathematics courses.
While there is no agreement of effective program structures or pedagogical frameworks across

57

populations for students in developmental post-secondary courses (Biswas, 2007; Schwartz &
Jenkins, 2007), specific elements of reforms have shown promise through empirical testing. The
tenets of context, humanizing, rigor, and critical thinking/creativity are each outlined and then
connected individually to its potential ability to foster positive math identity in Crossley's (2020)
terms of self-concept, utility or value of the subject, and personal interest of students.
Context of Post-Secondary Developmental Math Courses
Adding a vocational focus, where context is added to numerology and students can see
themselves in future professions, within the curriculum has shown to have positive math
achievement gains compared to control groups (Hodara, 2013, Levin & Calcagno, 2008; Radford
et al., 2012; Staats, 2005, Wiseley, 2011). Providing students with an application where the math
can be used, as opposed to strictly numeric skills practice, increases math achievement and
ability to think more conceptually about the discipline (Grubb, 2011). All curricula reforms
retrieved through research efforts on a post-secondary developmental math course setting
contained elements of providing students with a context for utilizing mathematics in authentic
situations (Hodara, 2013. Levin & Calcagno, 2008; Radford et al., 2012; Staats, 2005, Wiseley,
2011).
Wiseley (2011) compared context centered developmental mathematics courses to
traditional skills-based mathematics across 110 community colleges. Students in the context prealgebra (e.g., business math or technical math for airframe mechanics) were not only able to pass
at higher rates (86% compared to 59.3% for traditional abstract courses), but were more likely to
attempt and pass degree credit bearing math courses in the future (Wiseley, 2011). While Shor et
al. (2004) cited that traditional skill building curricula are linked to higher scores on standardized
tests, significant positive gains in conceptual understanding were found for using a curriculum of
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problem-based learning related to the health profession and other relevant settings (as cited in
Hodara, 2013). Commander and Smith, (1995), Stone and Jacobs, (2006), and Wilcox, delMas,
Stewart, Johnson, and Ghere (1997) reported that taking skills out of isolation through using
contexts and pairing them to a course in which a student is registered are beneficial strategies to
passing developmental courses (as cited in Levin & Calcagno, 2008).
Duranczyk and Higbee (2009) have devised an integrated multicultural instructional
design (IMID) curriculum for developmental math courses, for non-math majors. The IMID
curricula is based on tenets of multicultural education and ethnomathematics, which maximizes
equity, access, and success for all learners through utilizing international standards, reforms in
assessments, and classroom support (Duranczyk & Higbee, 2009). Jenkins, Zeidenberg, and
Kienzl (2009) reported on remedial courses that utilize a technical curriculum as the context for
teaching mathematics through Integrated Basic Education and Skills Training (I-BEST) (as cited
in Radford et al., 2012). The I-BEST program combines remedial math with occupational
content and resulted in higher pass rates and long-term successes of more students involved in
taking and passing credit bearing math courses (Jenkins, Zeidenberg, & Kienzl, 2009, as cited in
Radford et al., 2012).
The teaching reforms for remedial math classes also mirror the context-based innovations
in curricula redesigns. Pedagogical reforms include supplementing traditional strategies of
teacher-centered skill development with a focus of context, utility, and conceptual understanding.
Smith et al. (2015) fostered higher application abilities of students taught through reform
methods (collaborative learning, real world practical problems) versus traditional methods
(teacher directive, abstract lecture based) for students in developmental intermediate algebra
classes. Even though the reform classes devoted more class time towards experimentation using
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application based real-world scenarios and student practice instead of skills practice; there was
no decline in the reformed taught students’ pass rates or their procedural abilities. In addition, for
the students taught in reform classes, there was an increase in the conceptual understanding and
ability to apply mathematics in novel, challenging settings. Staats (2005) similarly outlined the
benefits of an equity based context lens in developmental college math courses. By including the
context of World Health Organization information about damaging international infectious
diseases, 96% of students reported finding relevance for learning math (Staats, 2005).
Revising non-credit bearing remedial curricula and teaching strategies to include context
related to potential majors can increase students’ math identity by illuminating the value of the
discipline. Instead of mathematics being a gatekeeper to scholastic and vocational success,
mathematics can be viewed as an integral part of students’ future aspirations (Bryk & Treisman,
2010). The context can also provide interest and develop students' self-concept through directly
incorporating students’ future vocations into curricula materials. If the numerology is
supplemented by teaching strategies and course components that include students’ future goals in
authentic settings, the material has the ability to foster a positive mathematics identity
development.
Humanization of Post-Secondary Developmental Math Courses
There have been reform efforts at the structural level, high-school level, and bridge level
to humanize post-secondary developmental math courses (Hodora, 2013, Levin & Calcagno,
2008, Ngo, Chi & Park, 2018; Radford et al., 2012). Understanding students' unique position
through early testing and through advanced metrics can help students achieve mathematically
and at times even avoid placement into post-secondary developmental math courses.
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Determining the aspirations of students enrolled in these courses, and using these goals as a
motivating factor, can germinate the incentive necessary to put in the work and pass.
Due to the high failure rates, large student population, and overall costs of developmental
non-credit bearing courses, significant efforts to restructure entire programs have been
attempted. Ngo, Chi, and Park (2018) reported benefits of using a humanistic holistic approach
for enrolling students in post-secondary developmental math programs. A students’ GPA, math
courses taken, non-cognitive measures (planning, motivation) are all utilized instead of relying
solely on placement tests. This method avoids errors in placement, gaps within developmental
courses, and can make students feel more capable in their math identity, while avoiding negative
consequences (stigma and negative stereotypes) of being placed in a non-credit bearing course.
Taking the overall scholastic and professional plan of a student into consideration when
determining their route of post-secondary developmental courses, has also been shown to be
effective. The Center for the Analysis of Postsecondary Readiness (CAPR) has reported three
studies in Texas, Arkansas and California that provide long term beneficial evidence for utilizing
the Pathways reform plan for developmental college math classes (Ganga & Mazzariello, 2018).
The Pathways reform approach allows students, depending on their majors, to take different
math courses to complete graduation, as well as corequisite remediation math courses to assist in
the completion of required classes (Ganga & Mazzariello, 2018). The major and vocational
aspiration of the student is linked to specific developmental math courses, and future credit
bearing courses, to help students understand the connection to their overall professional goal,
which increases motivation and long-term academic success.
Before enrollment into post-secondary developmental courses, high school and bridge
programs have successfully used targeting and early assessment programs to provide services to
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students who are deemed underprepared for credit bearing math courses after high school. The
services include: counseling, test-preparation, additional math courses at the high school or at a
post-secondary institution. Bailey (2008), Burdman (2012), Kerrigan and Slater (2010), and
Michalowski (2007) found effectiveness for these strategies resulting in more students placing
out of remediation and more persistence when these students entered college (as cited in Radford
et al., 2012). However, Barnett and Hughes (2010), Howell, Kurlaender, and Grodsky (2010),
and Tierney and Garcia (2011) found minimal promise to this type of early pre-intervention, as
the studies lack any long-term outcome measures (as cited in Hodara, 2013).
Another pre-entrance reform option for students are bridge programs. These programs
include having high school seniors learn developmental skills during the summer before their
first semester at a post-secondary institution. Wathington et al. (2011) and Lambert (2012)
discerned long term benefits for bridge programs in terms of significantly higher rates of
enrolling and passing college level math (as cited in Radford et al., 2012). However, Barnett et
al. (2012), Edgecombe, Cormier, Bickerstaff, and Barragan (2013), Kallison & Stader (2012),
and Sherer and Grunow (2010) found only short-term success for these programs from students
being able to enter credit bearing classes, yet they did not show long term positives in graduation
versus attrition rates (as cited in Hodora, 2013).
While the outcomes of these reform efforts are mixed, students can benefit from
increased development of their math identity by these humanizing reforms to placement in postsecondary developmental courses. Through bridge programs, students are exposed to the value of
the mathematics they are learning in high school, because of its direct impact on their future
scholastic goals. The value can in turn have a positive impact on their math identity.
Understanding that their inability to score highly on a math placement test can result in their
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assignment to a non-credit bearing course, that they will have to pay for, can potentially increase
their motivation to succeed in the subject. Particularly, providing high school students with
access to math courses in new settings or additional mathematical aids can positively shift the
narrative that these students have developed about their math abilities. Taking low-performing
students out of their current classrooms in which institutionalized stereotypes may persist, and
having them learn, talk about, or do math in a new environment can be the cause of a reidentification. Overall these efforts to humanize the experience of students enrolled or on track to
be enrolled in post-secondary developmental math courses can positively impact their selfconcept. Understanding that they are capable individuals with skills beyond a singular math
exam score can provide the impetus to shift detrimental narratives of their belief in their ability
as a math person. Whether it is through taking into consideration their overall skill set (through
holistic enrollment), utilizing their vocational dreams and scholastic plan (Pathways), or
providing other avenues for talking about and learning the content material (high school and
bridge programs); these students can begin to develop a math identity beyond their previous in
class experiences which can be the impetus for growth and change.
Rigor of Post-Secondary Developmental Math Courses
Increasing the ceiling for students in developmental post-secondary math courses has
shown positive gains from a structural level, a teaching level, and in learning communities
(Bonham & Boyland, 2012; Hodora, 2013; Radford at al., 2012). The level of difficulty can be
increased by adding in extra learning opportunities before a post-secondary program starts,
presenting challenging material beyond skills practice, accelerating the speed through self-paced
programs, taking multiple courses at once, and testing into credit-bearing courses while still
enrolled in developmental courses. All of these opportunities are motivating elements that can
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increase a student’s sense in their ability to do mathematics (self-concept), as well as the value of
the discipline as a means to achieve their scholastic goals. Instead of a defeatist mindset resulting
from being enrolled in a developmental math course that is evidence of an inability to achieve
mathematically, these opportunities can provide the confidence and motivation for students to
put in the effort needed to achieve mathematically (Larnell, 2016).
Changing the structure of these courses have tended to include computerized programs,
which have resulted in mixed outcomes. These computer-based approaches, whether
modularization (only taking specific parts of courses based on entrance tests) or supplementation
(additional elements to courses for homework and skills practice), have shown both positive
outcomes in higher pass rates and money saved (Radford et al., 2012) and contrary negative
outcomes in no long-term success, and lower pass rates (Hodora, 2013). However, a constant
thread of positive math achievement for computerized structural changes are seen through
acceleration and added rigor added into developmental math courses (Bonham & Boyland, 2012,
Hodora, 2013, Radford et al., 2012. Epper and Baker (2009) reported on multiple studies that
utilize computerized technology and self-paced delivery systems to accelerate developmental
math programs resulting in a 20% increase in pass rates (as cited in Bonham & Boylan, 2012).
Bragg (2009) reported positive outcomes for compression efforts where students are
provided with the opportunity to take accelerated remedial courses (multiple developmental
courses at once) and Adams (2003) discerned that providing students with the opportunity to test
into a credit bearing course halfway through a developmental course resulted in higher pass rates
that were higher than their non-remedial peers (as cited in Radford et al., 2012). These positive
outcomes from increased rigor were mirrored by Asera (2011) that discerned that accelerated
remedial math courses had positive long-term results in enrolling and passing credit bearing
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math courses (as cited in Hodara, 2013). Cullinane and Treisman (2010), and Merseth (2011)
found that mainstreaming students into credit bearing introductory courses were effective and
had no significant differences in pass rates of students placed into remedial courses (as cited in
Hodara, 2013).
Changing the structure of courses and mindset of teachers and students to promote rigor
can shape classroom culture and dynamics in a positive manner. As opposed to viewing the
remedial course as lower level with minimal opportunities, altering the structure to include
challenging sequences has been shown to be effective (Hodora, 2013, Grubb, 2010; Radford et
al., 2012). The pattern of increasing difficulty and providing more opportunities for math
advancement can combat internal feelings of apathy and low self-efficacy (Larnell, 2016).
Positive attitudes for students' math identity can be forged by creating institutional structures that
promote a belief in their learning abilities and challenging students to succeed through expanded
access.
Learning communities is the practice of putting cohorts of students together to take
courses at the same time. Building camaraderie within students through socialization and
academic togetherness has shown only short-term success or mixed results (Cullinane &
Treisman, 2010; Hodora, 2013, Levin & Calcagno, 2008; Radford et al., 2012). However, a
specific learning community, which provides a rigorous two-week skills course before new
students enter into post-secondary institutions and then students take accelerated developmental
and credit bearing courses in tandem, has shown long term positive gains (Farr, Rotermund, Ho,
Radwin, & Robles, 2011; Jenkins, Zeidenberg, Wachen, & Hayward, 2009, as cited in Radford
at al., 2012). The Academy for College of Excellence (ACE) program has produced scholastic
math achievement for students enrolled in post-secondary developmental courses in California,
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Pennsylvania, and Virginia (Farr et al., 2011; Jenkins et al., 2009, as cited in Radford at al.,
2012). ACE uses an introductory two-week course for cohorts to develop self-awareness and
communication, and camaraderie with their cohort. During this time academic skills are learned
as the students work together. The students then are enrolled in a semester of accelerated courses
that would combine remedial courses with college level content. The program increased pass
rates for developmental courses and credit bearing courses, while increasing self-efficacy,
motivation, and study skills of students.
The learning community provides avenues for altering math identity from a social context
through institutional and community efforts. Students’ self-narrative of their math abilities (selfconcept) can be altered through experiences where they learn specific skills on how to be a better
student in a supportive group context. Forming relationships with peers, as they traverse through
the same courses, can provide more opportunities to shift their sense of academic identity in a
more positive manner.
Grubb (2010) explained the productivity of teaching up to students' abilities, rather than
assuming students relegated to developmental post-secondary math courses are unable to
succeed scholastically or think beyond the surface level of math concepts. A course with
challenging content and using a balanced teaching approach for developmental math courses has
produced positive results in collegiate settings (Hodora, 2012; Grubb 2010; Smith et al., 2015)
The teacher of a fruitful developmental math course, utilizes a combination of traditional skills
teaching and progressive, systems, conceptual teaching of developmental post-secondary
mathematics (Grubb, 2010). Instead of conceptual understanding and skill learning existing on
opposite ends of a spectrum there is less of a distinction between “doing” and “understanding”
math concepts (Bruner, 1977, p.29). Through professional development of faculty, internal
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accountability, and instructional leadership for developmental programs, educators can learn how
to balance teaching through adding rigor, while pushing context, engagement, motivation, and
individualistic approaches to basic skills instruction to create challenging and beneficial courses
(Grub, 2010).
Teaching reforms for developmental math classes involves rigor and opportunity for
students. The instruction supplements abstract level learning and builds upon students’ preexisting knowledge in an equity-based theoretical framework. Capitalizing on interest through
relatable contexts and providing other avenues to understand the material, students can build
belief in their own math abilities fostering more positive math identities. Teaching the student
how to learn mathematics as a mathematician (or another profession that utilizes the content) will
make it easier for the student to identify and behave as such while in the course, instead of
something else removed from the discipline (Bruner, 1977). Replacing the low ceiling, with
increased rigor through authentic learning can provide students with intrinsic motivation to
succeed through challenging concepts.
Creativity/Critical Thinking of Post-Secondary Developmental Math Courses
Efforts to reform post-secondary math courses have resulted in efforts to promote
creativity in teaching approaches and critical thinking of material. Altering curriculum in novel
ways, utilizing creative methods to explain content, as well as providing opportunities to devise
alternative strategies for solving and explaining phenomena has been shown to be beneficial for
students resulting in higher math achievement (Bonham & Boylan, 2012; Hodora, 2013; Hughes,
Gibbons, Mynatt, 2013; Levin & Calcagno, 2008). When students are provided with various
avenues to comprehend content, they can feel empowered as they determine which methods
work best for them. This element of choice can inoculate them from the fear of the discipline and
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provide a sense of strength and efficacy. These reforms are found in both teaching strategies of
educators and supplemental aids provided to students.
Chaffee (1994, 2004) reported the long-term benefits of math achievement teaching
critical thinking, problem solving and higher order skills within the developmental curriculum
(as cited in Levin & Calcagno, 2008). Post-secondary developmental mathematics instruction
was taught in an active process, where students were challenged to use more different skill sets
to solve more challenging problems (Chaffee 1994, 2004, as cited in Levin & Calcagno, 2008).
Chapelle (2006), Dees (1991), and DePree (1998) reported similar positive academic long-term
outcomes for students through the use of student collaboration, experimentation, using multiple
representation to build conceptual understanding and activity assignments within developmental
math courses, as compared to control classes that utilized traditional teaching methods (as cited
in Hodora, 2013). Long term positive results were also found from developmental math
programs that utilize multiple teaching and learning strategies for students, beyond strictly skills
practice (Bonham & Boylan, 2012).
While enrolled in post-secondary remedial courses, students have access to supplemental
services such as tutoring, counseling, resource centers, career centers, designed to maximize
students' ability to pass courses and attain certificates and diplomas. Tutoring centers have
produced the most beneficial gains for math achievement, when compared to the mixed results
for the other supplemental services (Levin & Calcagno, 2008; Radford et al., 2012). Tutoring
centers can provide a safe space with a trained professional that can help students reformulate
their dynamic narrative with more self-efficacy in their academics (Hughes, Gibbons, Mynatt,
2013). Perin (2004) reported that learning assistance centers with tutoring and computer labs
have resulted in positive increases in passing rates (as cited in Levin & Calcagno, 2008). Centers
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offer assistance at the school site in a more individualized manner, helping students reformulate
their future goals and redefine mathematical achievement as a necessary component of those
goals. Tutoring centers can help students find alternative methods to solve difficult problems,
increasing their sense of achievement.
Critical thinking/creativity can help students develop positive mathematical identity from
having novel educational experiences in the classroom or in a tutoring center. In class or in an
individualized tutoring center, students can learn about alternative methods to approach problems
and be faced with questions that require multiple methods to be utilized in tandem. These novel
approaches can spark interest and self-concept for students in tandem as they can feel more
capable of solving an interesting set of questions. Utilizing critical thinking/creativity within the
instruction of mathematics can be the disruptive shift necessary to not only bring a fresh take to
the discipline, but also provide new useful tools to accomplish the challenges and learn the
content. In addition, tutoring centers are an avenue to discovering institutional opportunity as
opposed to combating institutional barriers for math success, which can provide growth of selfconcept as students can see themselves as more of a math person. The ultimate goal is to impact
this vulnerable population through providing them with the skills, tools, and mindset necessary
for graduation or obtaining a certificate for employment. Through these reform efforts students
can be challenged with rigorous, creative, context-appropriate material that takes into account
their own personal goals and aspirations to produce significant shifts in their math identity
development.
Relevant Methodological Literature
Only two studies referenced above utilized introductory historical based reforms in
collegiate math courses in an effort to assess elements of math identity of those enrolled. The
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Abah (2017) study and the Ho (2008) study both provided intervention elements of historical
mathematics into collegiate credit-bearing courses and found positive outcomes for identity
development. In a Nigerian first year basic math course, Abah (2017) was able to discern
beneficial elements of the historical interventions by making the concepts more concrete for
increased computational ease and better recall of material. The element of added behavioral
engagement, and sustained interest is aligned to the math identity component of interest and the
element of added aesthetic value is aligned to the value/utility component of math identity. In
addition, procedural and computational abilities can be linked to the math identity component of
self-concept, as students were able to believe they are now capable at doing the mathematics.
In a linear algebra course, at a college of engineering in Singapore, Ho (2008) was able to
determine positive math identity development for 102 students. Ho (2008) discovered through
semi-structured interviews and journaling that elements of belief systems, confidence,
motivation, and developing positive attitudes towards mathematics were all enhanced through
using HM. Each of these elements can be linked to the math identity component of self-concept,
the feelings about being capable of doing mathematics. Ho (2008) also found growth in interest,
another component of math identity. While Ho (2008) did not utilize the terms value or utility,
the elements mentioned above capture a perspective of mathematical identity, beyond the math
achievement that was researched.
The Abah (2017) and Ho (2008) studies provide information that utilizing historical
mathematics as an introductory component to curricula has a positive impact on math identity
development for students in credit bearing collegiate mathematics courses. These two single
group studies provide a methodological framework for determining the efficacy of
supplementing curricula with HM for college aged students on their beliefs about mathematics.
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However, neither study directly assessed the math achievement of students enrolled in these
courses through quantitative measures. In addition, neither study contained control groups to
assess the success of such groups against those that did not receive the HM interventions. Both
Abah (2017) and Ho (2008) utilized qualitative measures in the form of questionnaires,
interviews, and journaling to get a comprehensive picture of the math identity of students being
exposed to historical mathematics. This current study followed the same procedures of Abah and
Ho, by providing new curricular elements to students in post-secondary courses and recording
any developments to their math identity, in terms of self-concept, utility and value, and interest.
This study adds to gaps in the literature on reforms using historical mathematics interventions,
by being the first to assess a population of students who are enrolled in post-secondary
developmental math courses (the previous two studies were set in credit bearing math courses).
In addition, the study goes beyond using only a historical framework, but supplements the course
through a chronological multicultural framework (Chapter 4) that utilizes elements of the past,
present, and future. In addition, although a control group was not possible, due to the low
participation numbers, the scores on exams, final grades, and overall math achievement will be
included in this mixed methods analysis.
Chapter 3 Summary
Chapter Three provided a literature review of the relevant studies and materials on
historical mathematics and reforms to post-secondary developmental mathematics courses.
Themes of context, humanization, rigor, and critical thinking/creativity permeated the sources of
both historical mathematics and reforms to post-secondary developmental mathematics courses.
Each of these themes were explored using the results of past research and were connected to the
ideas of math identity development in terms of self-concept, utility and value, and interest. These
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themes will be interwoven into the framework of chronological multicultural mathematics
(CMM), the intervention for this study detailed in Chapter 4.
Two studies were highlighted in this literature review that utilized interventions of
historical mathematics to produce positive development in students' mathematics identity (Abah
2017; Ho, 2008). The methods of these two studies utilizing historical based supplementary
introductory activities for students, and then assessing their math identity development through
qualitative semi-structured interviews and reflections were adopted for this study. This study
attempts to provide additional insight to the field by taking these protocols and applying it to a
new population (students enrolled in post-secondary developmental courses) and also evaluate
their grades in a mixed methods case study format. Instead of focusing on full classes, this study
utilizes a case study approach to gather more in depth knowledge of specific participants to
explore the development of math identity in depth over multiple semi-structured interviews. In
addition, this study plans to employ interventions that take the construct of historical
mathematics and add additional elements of the present and the future to create identity building
activities. These activities can foster the interest and motivation of students to feel they are not
only capable, but mathematics holds value to their lives throughout their scholastic careers and in
their future endeavors.
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CHAPTER FOUR: CHRONOLOGICAL MULTICULTURAL MATHEMATICS (CMM)
Chapter Four Introduction
The description of theoretical frameworks of Chapter 2 and the literature review of
historical mathematics (HM) and reforms to post-secondary developmental mathematics courses
in Chapter 3, provided an impetus to create a novel set of intervention materials to champion
against the high failure and low graduation rates of this vulnerable population. Viewing historical
mathematics from a lens of an ever-developing chronology, can build upon the past, make use of
the present, and excite students as they can see the opportunities the discipline affords them in
the future. A chronological framework has the ability to germinate positive math identity
development for students enrolled in developmental courses, who often have a low sense of math
efficacy and negative feelings about the content. Elements of the chronological multicultural
mathematics (CMM) framework are discussed in detail, are aligned to Banks’ (2009, 2010) five
dimensions of multicultural education, and then connected to the three components of
mathematics identity (self-concept, utility and value, and interest) as outlined by Crossley et al.
(2018, 2020).
The proposed framework for the chronological multicultural mathematics (CMM)
includes three components of the past, present and future for how math can be taught, learned,
and experienced. As shown in Table 4 below, there are clear distinctions between the three
components. The past includes learning about the individuals and cultures who shaped the
content and the reasons behind their development. The present includes learning about the
current vocations employing mathematical content through authentic application examples. The
future includes the structuring of projects and activities allowing students to innovate and apply
the content to open-ended problems related to their specific field, or finding alternative uses for
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the mathematical content. CMM framework structures units to instill a sense of students’ place
within the discipline to provide avenues for meaningful connections and increased rigor.

Table 4: Tenets of Chronological Multicultural Mathematics (CMM).
Past

Present

Future

Historical Contributions from
Different Cultures

Current Vocations

Innovations for Openended Problems

Media
Interdisciplinary Approach

Modeling Activities
Applications/Technology

Humanizing the Content

Alternative Uses for
Content

Utilizing Primary Sources

As shown below in Figure 1, the three components of CMM (past, present, and future)
are aligned to three components of Crossley’s et al. (2018, 2020) definition of math identity
(self-concept or belief in achievement ability, utility and value of the discipline, and interest). A
student can see themselves and begin to foster a more positive identity as they experience the
authentic tasks from the lessons. One’s self-concept based on past experiences is akin to the
historical development of mathematics itself. Belief in one’s achievement is built from their past
experiences and history. Understanding the development of these past ideas, that others had to
struggle to create the concepts, may promote change in self-efficacy and motivation. Learning
about how mathematics is applied in today’s vocations, its presence in the media, and the
discipline’s ability to create advancements in technology is in concert with realizing its use and
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value. Without making these connections apparent utilizing real data, actual problems, and
current resources, learners will be unconvinced of the discipline’s viability and usefulness to
their lives. In addition, the interest needed to promote positive math identity is tied to a future
focused curriculum. Helping students find creative alternative uses for content, providing
instructional time for innovations, utilizing modeling activities where there are a multitude of
potential correct pathways and solutions can help spark the interest needed to develop a stronger
math identity.

Figure 1: Alignment of Math Identity and CMM Components.
Math
Identity
Components

CMMC
Components

Past

Self-Concept

Present

Utility/Value

Future

Interest

The tasks and assignments of CMM must be perceived as authentic to students. Teaching
skills or topics without making clear their context in the broader field or outside of school is
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uneconomical (Bruner, 1977). Authenticity should be apparent in the activities and questions
posed. Vos (2018) described authenticity as a social construct that creates interest and
connection. Authentic math experiences can occur outside of school and have a certification of
originality (using artifacts physically or hearing a professional expert discuss the content).
Authentic contexts do not automatically create authentic math questions and student motivation.
The context can be inauthentic, such as measuring a basket, but the task can be authentic if the
physical artefact is used (Borgioli, 2008; Vos, 2018). The way students are required to answer,
may be more important than the context. Classroom tasks akin to real-life activities include
utilizing authentic materials, collaboration, and open-ended meaningful questions and answers.
The development of CMM with underlying multicultural dimensions and authentic tasks
will obviate the question of why are we learning this. In the following review, each component
of CMM is described in greater detail. Authentic tasks are included from previous empirical
studies, the literature on historical mathematics, and the researcher’s own experiences as a
mathematics and science educator to provide practical examples to display the usability of the
curriculum. In addition, Bank’s (2010, 2009, 1995, 1993a, 1993b) five dimensions will be
directly linked to each CMM tenet.
Past Chronological Multicultural Mathematics
Past chronological multicultural mathematics (CMM) involves creating lessons,
materials, and activities that utilize information about the people and cultures who created the
concepts and highlights the reasons behind the conception. The tenets of this component include
the information about these cultures, past use of primary sources, and an interdisciplinary
approach capitalizing on reading, writing, science, and history. These historical components
humanize the content and foster motivation through lessening the abstract nature of mathematics.
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Historical Contributions from Different Cultures
Learning about the people and the reasoning behind the generation of mathematics can
help students have a deeper connection to the content. Providing referenced stories and context
of historical mathematics (HM) have been beneficial across differing parts of the world at
varying learning levels (Fierra & Rich, 2001; Lingard, 2000; Sen 2017; Siu, 2000). In Portugal,
Fierra and Rich (2001) related stories from ancient Egypt to motivate secondary mathematics
students. Instead of just an introduction, history tied different mathematical ideas together and
created motivation for the sake of learning (Fierra & Rich, 2001). In England, Lingard (2000)
stressed the importance of students viewing math not as an unchanging body of knowledge, but
promoted engagement through an ever-developing story. In India, Sen (2017) incorporated HM
into elementary algebra through the development of symbols from Babylonians, Diophantus, and
Brahmagupta to François Viète and Descartes to foster student positive attitudes, and respect for
the subject. Siu (2000) compiled the cultural aspects of HM through creation, uses, or
implementation of content. Each topic has accompanying activities for specific grade levels from
primary grades (Babylonian tablets, abacus) to higher level concepts (Heron’s formula, proofs,
designing tunnels). A set of standards-based examples linked to historical references from
various cultures, provides teachers with ready-made materials to help students understand
concepts from differing perspectives.
Authentic Task for Historical Contributions of Different Cultures
For a middle school lesson on proportions, students would begin by reading and watching
clips about the Ancient Egyptians and their temples. Students were then tasked with measuring
their bodies with one another using the cubits system (Alcoze, 1993). Students used similar
figures to measure and draw their own bodies on graph papers in the guise of a Pharaoh. As a
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class, themes of body image can be broached in a safe space, as students dilated their self-image
onto giant graphs around the room. Realizing their body was in proportion to a great pharaoh can
build self-confidence. In addition, displaying the work across the walls of a classroom reified
their sense of proportion.
Interdisciplinary Approach
Language, science, the arts, and history can be effectively related to the field of
mathematics (Alcoze, 1993, Sriraman & Søndergaard, 2009; Sriraman & Steinthorsdottir, 2007).
Computational efforts can be supplemented by elements in other disciplines to provide necessary
context for conceptual understanding (Grubb et al., 2011; Wisely, 2011). Reading, watching, and
writing about the lives and various cultures can provide connection to the content (Alcoze, 1993;
Tzanakis & Arcavi, 2000). The use of historical context provides the platform upon which
students can experiment, debate, and present. Teachers can employ integration of HM through
use of biographies, historical problems, dramatizations and ancient games, local history and daily
life, and technology (Siu, 2000; Tzanakis & Arcavi, 2000). All disciplines of knowledge are
being exercised, before applying a rigorous problem-solving methodology.
Authentic Task for Interdisciplinary Approach
Students read a historical account of the ancient Maya culture and their scientific and
mathematical contributions (Alcoze, 1993; Siu, 2000). After learning about the creation of the
concept of zero, the calendar, astronomy, and observation towers from metal tools; students
answered critical thinking questions (Alcoze, 1993). Utilizing a base twenty system, like the
Maya, students completed basic operation computation which forced them to think more
conceptually about place values. To aid in their efforts of using a new base, different types of
counters were provided. Discussions of why twenty was used instead of ten and its benefits and
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drawbacks were conducted after the activity. In addition, this authentic task leads to connections
to how differing STEM vocations of computer science and coding utilizes other base counting
systems. Students are primed to learn how to count and conduct operations in other bases
(binary, hexadecimal), as the historical conceptions are led into present jobs, and future
aspirations.
Primary Sources
Primary sources have the ability to convey information using the actual historical
references. In the United States, Pengelley (2001) encouraged math advocates to continue
publishing primary works and translations for the future of mathematics classrooms. Original
works lead to improvement in the overall understanding and appreciation for mathematics.
However, in Sweden, Bråting and Pejlare (2015) described potential problems in employing
historical math teaching from parallelism: having students utilize primary sources and go through
the same steps as the creators of the concepts. Students may believe that this is the sole creation
of the content and disregard or not consider other conceptual frameworks that helped shape the
knowledge (Bråting & Pejlare, 2015). In addition, teachers may fail to attend to differences in
students' cognitive abilities when compared to the mathematicians who developed the knowledge
(Bråting & Pejlare, 2015). Students may require additional tools or other methods to grasp
concepts as the founders of the content’s conceptual frameworks are too complex. Despite
potential challenges to incorporating primary sources into mathematical teaching, introductory
activities for students, teacher training workshops, and using original materials can inspire
students and teachers alike (Fenaroli, Furinghetti, & Somaglia, 2014). Access to historical
information and rigorous materials are the hallmarks of multicultural education (Banks, 2009). A
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challenging reading and computational experience, through utilizing parts of original documents
can foster interest, even for seemingly irrelevant mathematical topics.
Authentic Task for Primary Sources
In Italy, Fenaroli, Furinghetti, and Somaglia (2014) conducted a training workshop for
prospective upper secondary teachers to learn about the benefits of utilizing a historical
mathematics framework to teach derivative-integrals and integral functions. Calculus concepts,
such as these, are often difficult for students to grasp and foster connections to. To combat the
complexity of the content, the teaching elements were to be inspired by using direct sources from
Fernat, Roberval, and Barrow that outlined the key concepts of the derivative. After having
access to the primary sources, teachers were able to structure new lessons and activities across
geometric and algebraic domains. The teachers were also able to develop unique strategies for
derivatives that conveyed their flexibility, awareness, and reconceptualization of the content.
Humanizing the content
Students benefit from positive role models. Students are more prone to be invested in the
content when faced with individuals that they can relate to (NAME 2019; Morrison, Robbins, &
Rose, 2008; Murtadha-Watts & D'Ambrosio, 1997). HM can provide a human face and make the
content less frightening. Shostberger (2000) stated that stories of perseverance and triumph from
mathematicians Kepler and Wiles can motivate students. The realization that mathematicians
struggled for years creating the content can provide solace for their students’ difficulties
(Jankvist, 2009a; Sfard, 1995, Sfard, 2012). Sfard (1995) stated that students’ awareness of the
challenges mathematicians went through to create these concepts would make them more
tangible. The learner and teacher benefits of humanizing HM include: lowered anxiety, positive
affect, and increased creativity (Ferreira & Rich, 2001).
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Authentic Task to Humanize the Content
The long history of the creation of Logarithms has been recounted across many
publications (Panagiotou, 2011; Heiede, 1992). These authors cited the benefits and limitations
of an historical approach and recounted Napier’s twenty-year quest to perfect his calculations.
While the application, teaching, and uses of Logarithms is interesting (e.g., using two factors at
once), the retelling of the Briggs-Napier meeting humanizes the content. Fauvel and Maanen
(2000) bring the story to life by explaining the train trip and the resulting discovery/invention
taking place and Kepler’s remark that thanks to Napier, his life-span had been doubled due to the
ease of the calculation.
CMM Past relation to Banks’ Dimensions
The past use of CMM is related to Banks’ Dimensions 1, 2, 2.A, 2.B, and 3 as seen in
Table 5. Context Integration (1) aligns to the Historical Contributions from Different Cultures
and the Interdisciplinary tenets, as the past biographies and examples from various cultures
signify their contribution to mathematical comprehension. Teaching through other disciplines
and relating math across subjects, exemplifies the ability for CMM to be used to integrate
content. Knowledge Construction (2) aligns to Utilizing Primary Sources tenet (as well as,
secondary, and didactical sources). The use of historical artefacts can teach about knowledge
being formed and can generate discussions of the race, class, standing of certain groups who
created them in the past. Through these sources students understand how content was created and
can help students make sense of it. Personal/cultural Knowledge (2.A) and Popular Knowledge
(2.B) aligns to the Humanizing tenet. Comparing students' personal experiences to the
mathematicians who created the concepts can make the learning more relevant to students and
promote perseverance. In addition, the mainstream media tends to color the ideas of our society
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and enhance stereotypes (mathematicians being white males) (Lingard, 2000). Combating
stereotypes and misconceptions through showing students that mathematicians come from all
walks of life can promote diverse, positive role models for students. Prejudice Reduction (3) is
aligned to the Humanizing tenet and Historical Contributions from Different Cultures tenets.
Students learning about the cross-cultural contribution of various individuals and peoples can
develop more positive racial understandings. Learning about different individuals can give a face
and a story to a previous unknown culture or people. Understanding contributions can give value
and lessen racial animosity.

Table 5: Banks’ Dimensions Applied to a Past CMM Theoretical Framework.
CMM Past

Bank’s Dimension

Authentic Example

Historical Contributions from
Different Cultures

Dimension 1: Context Integration
Dimension 3: Prejudice Reduction

Ancient Egyptian
Measurement

Interdisciplinary Approach

Dimension 1: Context Integration

The Maya: Base 20

Utilizing Primary Sources

Dimension 2: Knowledge
Construction

Derivative Concepts
Fernat & Foberval

Humanizing the Content

Dimension 2.A: Personal/Cultural
Dimension 2.B: Popular
Knowledge
Dimension 3: Prejudice Reduction

Logarithm Story:
Napier and Briggs
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Present Chronological Multicultural Mathematics
Present chronological multicultural mathematics (CMM) includes explaining to students
how mathematical content is used today across various contexts. The mathematical content is
aligned to present vocational tasks, media sources, and technological advancements. Students are
exposed to different professions and concrete tools based on the theories they are learning about
in the classroom. Benefits stem from the connections to relevant applications being utilized and
reinvented (Lingard, 2000).
Vocations
Guest speakers, who are currently shaping the STEM field, can provide a positive role
model and promote authentic understanding. Bruner (1977) advocated treating students as if they
were mathematicians while learning in the discipline and not some separate entity from the
discipline. Learning from the professionals in the field would aid in this pursuit of realism
through using the content. Whether in person or through video presentations, students can see the
successful individuals actively engaged in these fields (Bruner, 1977; NAME, 2019; Radical
Math, 2006). In Australia, Hernandez-Martinez and Vos (2018) invited a guest speaker from an
engine company for a collegiate engineering class to discuss how the mathematical content being
taught was applied in his daily work. Students saw the relevance of classroom tasks in their
future vocations and were more invested in the tasks.
Authentic Tasks for Vocations
In Norway, Nilsen and Vegusdal (2017) utilized professional guest speakers from a
recycling plant to introduce tasks that middle school students would attempt in the field. Students
visited an energy recovery company and had to work on problems using actual data. The
symbolic formulas and data had real world consequences. Results showed the tasks the students
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conducted were imperative to their ability to see relevance and relate to the content (Nilsen &
Vegusdal, 2017). In Norway, Vos (2018) conducted a study with secondary students working
directly with a research group and the National Dutch Railway Company. The students worked
with software on a college campus with the research group and conferred via video into the
control center for the railways in an attempt to create more effective time tables. Benefits
stemmed from the realness and challenges from this multi-layered exercise (Vos, 2018).
Media
Whether it is in a news article, box score of a sports game, an advertisement for a car, or
a film; the current media is flush with numerical values, symbols, tables, and graphs. Students
can benefit from seeing the content they are learning in class being applied daily. Showing
pictures, playing clips from current movies or reading excerpts from recently published articles
about mathematicians can provide insight and make the creators of the content appear relevant
(Lingard, 2000). Whether referencing 3D printed clothes from an Israeli designer to eliminate the
need for luggage or the first 3D printed human body at a Texas University to test experimental
cancer treatments, students can understand current events through relating it to the classroom
content (Bauer, 2016; Haskins, 2018).
Authentic Tasks of Media
Clips from 2016’s The Man Who Knew Infinity were shown to middle and high school
students with a short reading of a biography of the character Ramanujan. Ramanujan dropped out
of college because he failed English and then held a menial job. Yet through perseverance he
achieved success as a mathematician, which can be related to students' own scholastic struggles.
Students are then tasked to discover the decimals of Pi through measuring and dividing the
circumference and diameter of large circular objects. In the United States, Houghton and
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Dawson-Threat (1999) created an authentic task for college algebra students. After learning the
history of the content, students had to conduct an interview with an advisor, professor, or
employee on how math was used in the chosen discipline or work environment. Students then
researched from different media outlets for the connection of math to their chosen discipline.
Students were able to self-report a greater understanding of how algebraic topics were used in
their field of study after the project (Houghton & Dawson-Threat, 1999).
Applications and Technology
Students can benefit from seeing the connections between the content and the current
technology they utilize on a daily basis. Smart phones, laptops, and tablets are an integral part of
students and their teachers’ overall world (Drigas & Pappas, 2015). Of all students from the ages
of twelve through seventeen, 97% play video games regularly (Lenhart et al., 2008). Teachers
can capitalize on these current trends and bring technology and gaming into classrooms in an
authentic way to make connections.
A United States research team utilized YouTube videos of the game application “Angry
Birds'' to determine the characteristics of effectively incorporating gaming into math instruction
(Moore-Russo et al., 2015). To be effective, the game can not merely be an introductory
motivator to be disregarded when the math arrives. This tool has to be contextually integrated
throughout the lesson. Through super imposing axes and parabolic graphs, students could see the
usefulness of the math content to help them successfully complete the game tasks. Overall, the
game’s ability to define terms and formulas created dynamic relevant connections, while
displaying multiple representations of the content (Moore-Russo et al., 2015).
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Authentic Task of Applications and Technology
In an online New York Times game entitled Spot the Ball, images taken from current
world cup games are presented, but the soccer balls were removed (Blumenthal, Coote,
Manchester, & Taylor, 2018). Students are tasked to work as a team to determine where the
missing ball should lie in the picture. Students can utilize player spacing, eye directions, and
positioned limbs to make the judgement call. To make the estimate, students go up to a smart
board and communicate with their team to touch where they all believe the ball lies. The game
produces a value comprising percentages and decimals, for how accurate their estimate was
compared to the public who have previously played the game. The actual image is revealed and
students can determine what aspects caused their guess to be close or far from the missing ball.
This task builds class camaraderie, as students together as a team must communicate to ascertain
an optimal strategy for estimation. The task builds interest as many students are enthused with
seeing current games they have previously watched, and revealing the correct image produces
excitement. Students are primed to discuss the similarities and differences between decimals and
percentages, and are questioned if a value can be both. The lesson continues with rigorous
conversions between decimals and percentages, with proper naming of symbols and
categorizations required. The conclusion of the task challenges each group to determine their
final average of the actual values they generated in the task, awarding a win to the group with the
highest average.
CMM Present relation to Banks’ Dimensions
The present use of CMM is related to Banks’ Dimensions 2.A, 2.B, and 3, as seen below
in Table 6. Prejudice Reduction (3) aligns with the Vocations and Media tenets. Students can
learn in the field, from guest speakers, through articles, or through video clips about the diverse
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members of the STEM community who are making advancements in mathematics content. These
current contributions will help students to be open in their mindsets about the ability and
achievements of different races. Popular Knowledge (2.B) also aligns to the Media tenet. The
current media portrayal of mathematicians has shifted to be more inclusive from previous
descriptions displayed in movies and TV series. Popular YouTube creators challenge what a
stereotypical mathematician looks like. Female mathematicians Vi hart (vihart.com) and
NancyPi (https://www.youtube.com/channel/UCRGXV1QlxZ8aucmE45tRx8w) explain
complex derivatives and the history of the discipline in digestible ways to aid high school and
college students. Personal/cultural Knowledge (2.A) aligns to the Application and Technology
tenet, where curricula capitalize on students' own knowledge through smartphones and
applications. Crafting activities that utilize technology represent direct applications of the
mathematical content. Making mathematics current informs students that their teachers are
attempting to understand their present perspective and interests and reveal the discipline's utility.

Table 6: Banks’ Dimensions Applied to a Present CMM Theoretical Framework.
CMM Past

Bank’s Dimension

Authentic Example

Current Vocations

Dimension 3: Prejudice Reduction

Railway Tasks

Media

Dimension 3: Prejudice Reduction
Dimension 2.B: Popular Knowledge

The Man who Knew
Infinity

Applications/Technology

Dimension 2.A: Personal/Cultural

Spot the Ball
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Future Chronological Multicultural Mathematics
Learning the history and current use of mathematics fosters a future oriented focus as
learners are primed to build upon content understanding. Students can view math as an everchanging discipline with future applications (Lingard, 2000). Through rigor and context, students
can discern innovative uses of formulas, carry out duties of future professions, and attempt to
answer open-ended questions to better their community. The future component of chronological
multicultural mathematics (CMM) consists of critical thinking, as well as development and
answering of students’ own mathematics questions that require thoughtfulness at the highest
level (4) of Webb’s depth of knowledge (Patterson, Musselman, & Rowlett, 2013).
Alternative Use for Content
In Denmark, Sriraman (2009) described the benefits of interdisciplinary mathematics
from modeling across different fields of study. Sriraman (2009) utilized mathematical paradoxes
with preservice teachers by fostering alternative uses for content, unlocking openness to
alternative student approaches to problem solving and questioning of paradigms (Sriraman,
2009). Discerning alternate uses of content is the bedrock of creativity. Mathematical creativity
can be viewed as the overarching construct of originality, fluency and flexibility to mathematical
tasks and using different strategies to solve problems (Kattou, Kontoyianni, Pitta-Pantazi, &
Christou, 2013). In Cyprus (Kattou et al., 2013), and in Finland (Thuneberg, Salmi, & Bogner,
2018) elementary students were assessed on mathematical and creativity scales, and it was
determined that students' creativity was a significant part of their mathematical ability. After
hands-on interdisciplinary STEM activities, students' mathematical cognitive and ability scores
increased (Thuneberg, Salmi, & Bogner, 2018).
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Authentic Alternative Use for Content Task
Maharani (2014) stated that open ended problems with multiple solutions or a problem
posing method in which students create the mathematical problems from situations promotes
creativity. Maharani (2014) devised a problem where students are given a ten-centimeter side
length square. Students are tasked to draw a quadrilateral of equal area and create different
possible ways to draw that picture that they created. Students then created at least two different
questions related to the square, with solutions. Finally, from the questions that were developed,
students have to determine if there are other different solutions, and if there are, show all the
multiple answers. If students were unsuccessful and devised problems with only one solution,
they were tasked with creating additional multi-solution mathematical problems.
Modeling Activities
Mathematical modeling is an iterative process that involves open-ended, real world,
practical problems that students make sense of with mathematics using assumptions,
approximations, and multiple representations (Stohlmann & Albarracin, 2016). The modeling
perspective emphasizes the importance of utilizing tools for practical purposes. The reusable,
shareable tools or models can help learners understand and reproduce the question at hand, as
well as cycle through solving attempts (Lesh & Doerr, 2003). Modeling activities utilize openended questions, where students are able to posit multiple representations and solutions. Without
defined answers students can apply mathematical content in new ways through critical thinking.
As opposed to procedural activities, modeling activities allow students to devise axiomatic
structures in the same way mathematicians create theorems (Sriraman & Steinthorsdottir, 2007).
Authentic Modeling Task
Modeling eliciting activities (MEAs) are authentic tasks in real or imagined scenarios for
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learners to attempt to solve open-ended problems. MEAs have been shown to be effective
internationally through promoting learning by varied strategies and camaraderie at the primary
level in Israel (Amit & Gilat, 2012); secondary level in Sweden (Ärlebäck, 2009), collegiate
level in the United States, United Kingdom and Europe (Staats & Robertson, 2014), and for
graduate preservice teachers in the United States (Stohlmann, Maiorca, and Olson, 2015).
However, a MEA can go beyond the classroom and create structural change at the legislative
level. Sandra Mason challenged her students to define a problem that was happening in the
community around her middle school (Tate, 1995). The students determined that the liquor stores
in close proximity to the school was the biggest detriment (due to alcoholism and crime
associated with the stores). Students compiled statistics, zoning laws, and the state beverage
code, to present their findings to the city council and government officials (Tate, 1995). Beyond
citations and closures of a portion of the stores, a regulation was instituted banning the
consumption of alcohol within 600 feet of the school (Tate, 1995).
Innovations
In the United States, Wilder (1972) created a college curriculum based on historical
mathematics. By showing students the historical basis for mathematical concepts and symbol
use, Wilder wanted to prepare and enable students to foresee where “math is likely to go” (1972,
p. 482). Innovation entails questioning, trusting, taking risks, openness to new ideas, and
patience (Estrin 2009). Through open ended real-world authentic problem solving, students will
be better equipped for the vocations of tomorrow (Adams & Hamm, 2010). A teacher’s positive
attitude about science and math can inspire eager and hesitant students to inquire, collaboratively
explore, generate new ideas, and apply them to the content (Adams & Hamm, 2010).
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Authentic Innovative Task
Borgioli (2008) emphasized the benefits of utilizing culturally relevant artifacts in the
math classroom through an innovative activity. Students were prompted to bring in photographs,
souvenirs, videos, drawings, and any other important object from home. The entire class would
“Math-ematize” the object of the day based on the current topic being discussed in class
(Borgioli, 2008, p. 186). Students would use mathematical content to create problems based on a
student’s personal story. The problems were created by the class and then solved in a multitude
of methods. Innovation through showing mathematical formulas can be applied to a variety of
situations promoting learning and class camaraderie (Borgioli, 2008).
CMM Future relation to Banks’ Dimensions
The future use of CMM is related to Banks’ Dimensions 2.D and 5, as seen below in
Table 7. Transformative Academic Knowledge (2.D) aligns to the Alternative Use of Content
and Innovation tenets. Students will be enabled to challenge the facts and concepts, as well as the
manner in which they are used, by learning alternative uses for content. Innovation also revolves
around questioning and taking risks, by pushing students to discern multiple paths for solutions
(Adams & Hamm, 2010). Transformative Academic Knowledge goes beyond different
methodologies for problem solving, to theories being taught and the content itself. In many
instances of K-12 math education, students are taught incorrect conceptual ideas or the origins
are omitted to help practice rote steps and get better at computational skills. Educators pointing
out errors in class materials encourages students to think about concepts they are learning and
take risks to question them. Teachers can also provide extra credit for students who discern
errors in lessons to promote innovative critical thinking.
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Table 7: Banks’ Dimensions Applied to a Future CMM Theoretical Framework.
CMM Future

Bank’s Dimension

Authentic Example

Innovations for Open-Ended
Problems

Dimension 2.D: Transformative
Academic Knowledge

Math Artefacts

Modeling Activities

Dimension 5: Empowering School
Culture and Social Structure

Liquor Store Closings

Alternative Use for Content

Dimension 2.D: Transformative
Academic Knowledge

10 cm Square

Empowering School Culture and Social Structure (5) aligns to the Modeling tenet. The
highest dimension of ME is incorporating the community and social activism through the
classroom content. Banks (1993a, 1993b) states that this requires restructuring of school culture
and students can experience educational equality and a sense of empowerment. Modeling
activities can help students use mathematics to address current problems in their school or
surrounding community and develop solutions through the content to create change. These can
be in the form of recycling initiatives to save the school money or the closure of liquor stores
surrounding the school. Mathematics (e.g., statistics) should be viewed as the key element in
solving these problems that are directly affecting the students.
Equity
Equity, the belief that all students can succeed, and capitalizing on student’s prior
knowledge is at the foundation of multicultural education (Borgioli, 2008; Jao, 2012; Nasir et al.,
2014; Morrison et al., 2008). Nasir et al. (2014) championed the tenets of “relationship
building”, “working from strengths, while making space for vulnerability”, “teachers being
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learners” and “redefining what doing math is in school” that can generate the change in school
culture needed for advancement (p. 168). As an educator, one must be open to learning from
students and incorporating their individualities into the lessons and curricula. Banks (1993a,
1993b, 1995, 2009) stated that teachers can cater to the learning and cultural styles of diverse
groups through equity pedagogy.
Equity Pedagogy (4) spans across all tenets of the chronological multicultural
mathematics (CMM) framework. Modifying teaching to incorporate these elements can facilitate
the academic achievement of students from diverse racial, ethnic, cultural, and gender groups.
Providing a historical mathematics basis can provide the context necessary for a positive learning
environment for these students. Employing targeted student interest surveys throughout the
school year, using careful observations, and adjusting the curriculum (based on learner
preferences) can be instituted resulting in a more equitable pedagogy.
Equity Based Authentic Tasks
After each unit exam at the secondary level, the researcher would utilize metacognitive
reflection assessments. Students answered questions about: feelings about their score, potential
avenues of mathematical help, and concepts they are confident about. Students would also write
in what topics they were interested in, what they liked best and least about the unit, and to rate all
of the in-class activities. The ratings provided insight into tailoring the educational experience to
each class. Asking directly about topics was a path to their interests that could be used for future
lessons. The guides were supplemented by observing what students wanted to do. If every
student wanted to listen to music and were reaching for their earbuds, the lessons were adapted
to include song references. Before students were tasked with statistical analysis of the music,
they were asked about their musical preferences as a segue into the topic. Individualized word
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problems opened students up to doing more complex math calculations. The same tactics were
replicated for classes of students who were seen doodling in class (art-based projects), discussing
the outcomes of the previous night’s football game (sport-based projects), always talking about
eating out for lunch (food-based projects). Educators taking the time to understand their students
and making the coursework relevant can lead to student investment in the content. Genuineness
from the educator in these pursuits can be the first steps towards a class camaraderie resulting in
successful scholastic efforts.
Employing a chronological multicultural mathematics (CMM) framework can be a
bulwark against the oft heard knock on math’s relevance and interest. Students are able to have
authentic experiences with the content through a framework illuminating their individual
standing within the discipline. Learning about the people and cultures who created the content,
the reasons underlying its creation, the current applications of content, and having real world
experiences to put the content into practice for future endeavors, can create deep understandings
and inspire a connection to the field of mathematics. Armed with these tools, students can see the
usefulness of the discipline and may be more apt to pursue mathematical based vocations.
Chapter 4 Summary
Chapter 4 outlines the basis for the intervention being employed in this study.
Incorporating a new lens for the pedagogical pursuit of mathematical education required an in
depth breakdown of its components and the reasoning for their inclusion, as well as their related
nature. The chronological multicultural mathematics (CMM) framework was utilized when
developing the materials to be utilized in the study, as well as served as a basis for the three
interviews on mathematical identity development of student participants (their past, present, and
future). The protocol for using CMM tasks that was added into the two post-secondary
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developmental courses are outlined in Chapter 5 and actual copies of the tasks themselves can be
found in the Appendix of the paper.
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CHAPTER FIVE: METHODS
Chapter Five Introduction
Chapter 1 outlined the necessity of incorporating reforms to students who are enrolled in
post-secondary developmental math courses, due to the large failure rates and difficulty of the
vulnerable population obtaining certificates and diplomas. Chapter 2 discussed the theoretical
frameworks of dynamic identity development based on previous research (Beneken et al., 2015;
Howard & Whitaker, 2011; Larnell, 2013; Sfard, 1995) that is one of the two outcome variables
for this case study (the other being math achievement). Chapter 2 also outlined the theoretical
framework of Banks’ (2009, 2010) five dimensions of multicultural education that were integral
in building the chronological multicultural mathematics (CMM) intervention materials utilized in
this study. Chapter 3 reviewed the literature of historical mathematics and reforms to postsecondary developmental courses which bore concurrent themes of context, humanization, rigor,
and creativity/critical thinking. These themes were instrumental in the building of CMM
intervention for this study that was detailed in Chapter 4. Chapter 3 also reviewed the Abah
(2017) and Ho (2008) studies that utilized similar populations (college math students), a similar
methodological approach (supplementing curriculum with historical math interventions and
using qualitative means to gather data), to determine similar outcome variables (development of
math identity elements) to the current dissertation study. The methodology of Chapter 5 utilizes a
mixed methods case study approach, which to my knowledge has not before been attempted with
a post-secondary developmental student population utilizing a novel intervention framework, to
determine the extent of math identity development.
Chapter 5 outlines the design, protocols, and materials of this mixed methods case study,
the rationale behind its implementation, the funding that was secured, and the methods for the
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analysis. The choices for specific interview techniques and the analyses models are informed by
past research efforts, work with other vulnerable populations, and from the pilot study that was
conducted in the scholastic year prior to this study. The role of the researcher and the role of the
course instructors are also outlined in the methodology section. In addition, ethical
considerations in the form of approval from the Institutional Review Board (IRB) at the college
where the study was conducted, the data collection and management, and the funding protocols
are discussed.
Restatement of the Purpose and Research Questions
To determine the potential effects of chronological multicultural mathematics (CMM)
framework on students enrolled in a developmental post-secondary course, students were
assessed on their math identity and math achievement using exploratory, convergent mixed data
analysis. In two separate collegiate developmental mathematical courses, introductory CMM
authentic tasks were employed throughout the seven week summer courses. The math identities
of students were assessed through multiple qualitative and quantitative measures to determine the
type and extent of development throughout the seven-week course, including follow up
interviews. Due to the dynamic and mutable nature of math identity (Larnell, 2016; Howard &
Whitaker, 2011), the multiple assessments were utilized to determine changes to their view of
math as a discipline. Through a revised version of the Math Identity Survey (MIS) developed by
Crossley et al. (2018), student participants were assessed at the beginning and end of the sevenweek session. The revisions included changing the wording of questions to reflect a postsecondary student population, as opposed to the elementary age population it was designed for.
In addition, two questions were removed due to responses on a pilot study with a similar
population to increase the reliability of the instrument. Students also wrote weekly identity
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reflections after each CMM intervention task, and participated in three in-depth interviews to
expand upon responses and gain deeper insights into their math identity, throughout the summer
session and after the course was completed. The math achievement score (which aligns to the
student’s final grade) was defined as the average percentage of students’ scores on the tests and
final of the developmental math course. This practical score is akin to students’ capability for
advancement to future credit-bearing math courses. Identity development in type and degree was
assessed in alignment to overall math achievement utilizing the pillar integration process (PIP
model) (Johnson, Grove, & Clarke, 2019). These methods were utilized to assess the research
question: To what extent does the implementation of a chronological multicultural mathematics
(CMM) framework assist students’ math identity development and math achievement, in a
developmental college course?
Design: Exploratory Mixed Methods Convergent Case Study
The design of this study is an exploratory case study, utilizing mixed methods. Due to the
small sample size (nine student participants across the two sections, with only five completing all
of the interviews, surveys, and reflections), the interview and reflection data became a major
component for analyses. An exploratory mixed methods case study allowed the researcher to
gain qualitative and quantitative data in tandem to determine a detailed picture of the math
identity and math achievement of each participant. The flow chart in Figure 2 below, outlines the
design based on Creswell and Plano Clark’s (2018) mixed methods case study design with a
convergent approach. The mixed methods exploratory design allows for any potential themes
beyond the self-concept, utility, and value of math identity being assessed (and others from
previous research) to be allowed to be discovered in this process.
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Figure 2: Integrative Exploratory Mixed Methods Convergent Design Flowchart.

At each stage of the study, qualitative data (interviews and the reflections of CMM tasks)
is combined with quantitative data (survey results and math ability scores). The integration of
mixed methods design brings together quantitative and qualitative sources of information to
create an output that is more robust than the sum of its parts. Utilizing sources of information
from multiple perspectives unearthed a complex construct of math identity and the diverse
themes that underlie the construct. The rationale for using this adapted flowchart provided a
meaningful visual display for tracking the data being gathered and analyzed. Having major
components of the study outlined in this form provided a means to keep each element in
disparate parts: before the intervention, during the implementation of the intervention, and after
the intervention was completed before analysis.
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Keeping each element of data separate provided the reasoning that the math identity
development and the math achievement being uncovered was due to the intervention directly
(completing the tasks and reflections) and indirectly (the act of talking about math identity
development (during the interviews). The before, during, and after design mirrors both the
chronological intervention used in the study (past, present, and future), as well as the
Phenomenological Variant of Ecological Systems Theory (PVEST) interview technique
developed by Spencer et al. (2011). In addition, the flowchart provided a method to keep the
research question in central view, during the study process. The researcher was focused on the
practical overall aims of the study and to determine its potential impact on the field of
developmental post-secondary mathematics. However, limitations of an exploratory mixed
methods convergent approach can stem from the array of different data sources, which can cause
a researcher to get caught up in other unrelated threads that may be uncovered during the study
(Creswell & Plano Clark, 2018).
The end piece of the flowchart is the integration of all of the quantitative and qualitative
data, before drawing interpretations. The Pillar Integration Process (PIP) analysis model was
employed in this study to uncover, test, and develop the three math identity themes of selfconcept, utility and value, and interest. The PIP model created by Johnson, Grove, and Clarke
(2019) is a type of visual joint display to interpret and integrate qualitative and quantitative data
in tandem. Figure 3 in the following Chapter 6 (analyses) contains the completed model.
Integration of mixed methods findings attempts to unearth novel insights that are greater than by
simply combining or transposing of qualitative and quantitative parts. Unlike a triangulation
method in which the purposes of varied data are used to vet predetermined themes, PIP takes an
exploratory style to expand on findings and unearth new insights. The rationale for incorporating
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this integration technique was (1) to keep track of different types of data using a visual
organization tool; (2) to trace the complex and dynamic nature of math identity including
differing components based on previous research; (3) to allow for flexibility to determine novel
themes and connections; and (4) to provide a systematic and comprehensive mapping and
checking approach to ensure that each potential theme is vetted from multiple sources.
The exploratory mixed methods convergent case study relies on the use of integration
analyses based on the four stage pillar integration process (PIP model) (Johnson, Grove, &
Clarke, 2019). Interpretation and integration of quantitative and qualitative data will be used to
match themes of math identity development (self-concept, utility or value, and interest) and math
achievement during the analysis portion of the study (Johnson, Grove, & Clarke, 2019). To first
collect, discover, and develop these themes, the qualitative data was built from interview
techniques devised from Phenomenological Variant of Ecological Systems Theory (PVEST)
developed by Spencer et al. (2011). This chronological approach to interviewing incorporates the
full history of the interviewee (utilized previously for marginalized populations) to better
understand their trajectories to success (Houston, Pearman, & McGee, 2020; McGee & Bently,
2017; McGee & Martin, 2011, McGee & Pearman, 2014). After setting up the interview, survey,
and reflection questions based on PVEST, the gathering of qualitative data and development of
themes was based on Glesne’s (2016) thematic analysis approach. By not prescribing definitions,
openness in coding adjectives, and flexibility from attempting to learn from individuals'
experiences, the base themes emerged naturally (Glesne, 2016). Once themes were gathered,
they were checked with a QDA data miner to ensure objectivity. During each level of analysis of
themes from the PIP model, the overarching research question of the development of math
identity will be grounded in the process based on Marshall and Rossman’s (2015) belief about
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meticulously structuring qualitative analysis to generate the most knowledge from each interview
result.
Design Rationale
An exploratory mixed methods convergent case study was implemented due to only two
courses of developmental mathematics being offered during the time of the study at the
university where the study took place. In addition, a limited number of participants from the two
courses signing up created the necessity for this approach. An exploratory mixed methods
convergent case study design ensured that the complex construct of dynamic math identity
components can be captured from both surveys, reflections, and interviews. The use of CMM
tasks interventions is the independent variable for this study. The outcome variables are math
identity and math achievement scores. These outcome variables will be assessed at three separate
phases during the study (prior to intervention, during the intervention, and post intervention) to
provide evidence of the effects due to interventions.
Variables
Math Identity: A dynamic narrative that describes the self-perceived construct of being a
math person (Larnell, 2016; Sfard, 2012 and Martin, 2007). Math identity is constantly shifting
as one is doing, thinking about, or in the context of mathematics and can motivate or deter one’s
mindset (Larnell, 2016; Sfard, 2012 and Martin, 2007). Math identity was measured across the
three components that comprise mathematics identity: self-concept, value/use, and interest
(Crossley et al., 2018; Crossley et al., 2020). Each participant received a score on each of these
components separately on the Crossley et al. (2018) MIS at two points throughout the study. The
Math Identity composite score is the average of all three components at two points throughout
the study.
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Beyond assessing the identity components via MIS, students from both courses were
interviewed at three separate times to probe deeper into their understandings of these three
constructs as it relates to their lives as students, future professions, and their current lives outside
of the classroom. These interviews provided a more comprehensive view of the three themes on
math identity. The interviews were conducted from a chronological standpoint, akin to the
theoretical framework of the interventions based on the Phenomenological Variant of Ecological
Systems Theory (PVEST) developed by Spencer (2011) and has been utilized with varied
multicultural populations (Houston, Pearman, & McGee, 2020; McGee, 2014; McGee & Bently,
2017; McGee & Martin, 2011, McGee & Pearman, 2014). The chronological interview begins
with first probing into high school math experiences and previous understanding of their identity
from a multicultural perspective. Then assessing the students’ mindset about their current
position enrolled in the developmental post-secondary math course, and finally, after the course
has been completed, what are their future aspirations and professional goals. The researcher also
utilized thematic analysis of the qualitative data to determine other themes of identity
development to further evaluate the participants’ potential development of math identity, during
the study. Potential themes that were vetted included: identity satisficing and racialized identity
threat (Larnell, 2016); turning points/impactful moments (Howard & Whitaker, 2011); making
the concepts more concrete, better recall, behavioral engagement, added aesthetic value (Abah,
2017); and appreciation, confidence, and perseverance (Ho, 2008).
In addition to the MIS and semi-structured interviews, the math identity of students was
assessed five times utilizing reflections after each CMM intervention task (similar to the
journaling techniques of the Abah (2017) and Ho (2008) studies. These open-ended responses
provided more insight into the potential development of math identity throughout the seven-week
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course, specifically focused on the three components of math identity: interest, value/use, and
self-concept. From the qualitative thematic analysis, the time and context for when a shift occurs
towards developing math identity was surmised for each participant. The terms utilized in written
responses for the three components, the type of adjectives, and the depth of the participants'
responses were all utilized during the thematic analysis. The qualitative pieces of data served as
an extension to the MIS results.
Math Achievement: The definition of math achievement for this study is directly related
to the participants academic performance in the developmental post-secondary course. Due to the
nature of high stakes testing and the necessity of passing the course to take upper level credit
bearing courses, students' math achievement was directly tied to their performance in the course.
The math achievement score consisted of the average of six test grades and a cumulative final.
The math achievement score is a percentage score, with a maximum of one-hundred percent. The
cut off for math achievement is seventy-percent, which is the passing mark for entrance into
future credit-bearing courses.
Pilot Study
In the year prior to the study (Fall 2020), forty-six undergraduate students agreed to take
part in a pilot study to test the surveys, methods, and materials of the dissertation. These students
were enrolled across two different sections of the same in person developmental math course
(Math 96), taught by the same instructor. There were 35 students in each class and the classes
were held in large lecture halls to allow for social distancing based on the COVID-19 protocols
at the time. The classes met four times a week for fifty-five minutes for the duration of four
months. One section was exposed to the CMM intervention framework and one section acted as
a control group. Both sections completed a revised version of the Math Identity Survey (MIS)
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developed by Crossley et al., (2018, 2020) at two points throughout the course. The initial MIS
survey acted as a baseline which was given during the first week of the course. The researcher
explained the process of the pilot study for students, and informed them that there was no penalty
for not participating. The pilot study was carried out with approval of the mathematics
department where the study took place and the instructor that allowed two courses to be utilized.
During the four-month courses, the researcher provided each of the CMM intervention
tasks to the participants in the experimental group. The researcher collaborated with the
instructor of the course to ensure that these tasks were aligned to each of the course objectives
and had prompts that were imperative to understanding the topic. These seven interventions
acted as supplementary introductions to each unit. The CMM interventions occurred in person
for approximately fifteen minutes of class time. The CMM intervention tasks provided students
with a past, present, and future context for the material being covered. Student’s emailed the
CMM task work directly to the researcher at the end of class. The control course was not
exposed to these CMM introductory tasks, and instead received a traditional introduction of the
material, with the additional time devoted to skills practice and mastery.
The data obtained from the pilot study included: scores on the initial MIS, the final MIS,
and all of the student work from the tasks. A repeated measures multivariate analysis of variance
(MANOVA) was run to determine if there was any significant difference between the control
class and intervention class across the three components of math identity (self-concept, value,
and interest), during the duration of the course (MIS pre-test to MIS post-test). There were no
significant differences found from the data analysis. The limited participant size may be the
cause for the lack of significance in the results. As illustrated in Figure 3, post-hoc analysis using
G*Power illustrated a larger effect size was needed to have a minimum power (.795), which
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would need to have been at least .63. Therefore, a larger sample needed to be obtained to identify
the effects of the intervention (Faul, Erdfelder, Lang, & Buchner, 2007). Other potential reasons
for the lack of significance include: not utilizing qualitative methods involved to determine a
detailed construct of math identity, and this being the first implementation of utilizing the CMM
framework intervention. The current dissertation study included multiple qualitative data sources
(interviews and reflections) to provide a detailed account of students’ conceptualization of their
own math identities in combination with quantitative measures (MIS survey and math
achievement scores).

Figure 3: Power Analysis for MANOVA Repeated Measures, Within-Between Interaction

The data obtained from the MIS and from the intervention CMM tasks led to revisions in
the data sources for the dissertation study. The CMM intervention tasks were altered in difficulty
level, question types, and wording utilized based on students' performance and challenges with
the material. These alterations were imperative in crafting material that was challenging but still
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at the student’s level of competency. The revised MIS survey was also altered based on
reliability data, by omitting questions that detracted from the overall reliability of each construct.
The Crossley et al. MIS survey has been tested for reliability in 2018 and 2020, using elementary
aged students. Cronbach a scales of .72 for self-concept, .69 for interest, and .72 for value were
generated for each construct of math identity (Crossley et al., 2020). The pilot study was the first
to evaluate a population of post-secondary students with this instrument. The final MIS survey
from the pilot study resulted in a total reliability of measuring the same construct (math identity
of participants) of Cronbach a = .854. Individual Cronbach alpha scales of .718 for self-concept,
.772 for interest, and .762 for value were also determined.
Setting
The setting of this dissertation study included two online post-secondary developmental
math courses at the same university, where the pilot study was conducted. The researcher
received a Dissertation Completion Grant from the Office of Research and Sponsored Projects, at
the University of Nevada, at Las Vegas, to provide funding to participants. The researcher
received approval from the department of mathematics and the two instructors teaching one
section of the two different post-secondary remedial courses for the study. The post-secondary
remedial courses included Math 95 and Math 96. Math 95 and Math 96 are developmental noncredit courses designed to prepare students for collegiate mathematics. These two sections were
the only post-secondary remedial math course sections open to the university during the time of
this study. These two one semester (or one summer session) courses make up the two necessary
prerequisites to gain entrance into credit bearing math courses.
These were the last two standalone sections of developmental math courses that the
university offered. Beginning in the Fall of 2021, Math 95 and Math 96 will not be offered. In its
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place, there will be a pilot year of corequisite classes pairing a credit bearing course and an
additional credit bearing developmental course. There are three similar options based on major
trajectories, utilizing a growth mindset approach with rigor to offset the high failure rates typical
of developmental math classes. At the university, Math 120 (a traditional credit bearing math
class) will be paired with Math 20 (an extra two credit developmental course) for Liberal Arts
students, Math 124 (a traditional credit bearing course) will be paired with Math 24 (an extra two
credit developmental course) for business students, and Math 126 (a traditional credit bearing
math class) will be paired with Math 26 (an extra two credit developmental course) for STEM
majors. These are taught, at times, by the same instructors and at times not. The courses have
embedded supports and utilize the same cohorts. The developmental math courses of this
university site are paired with credit bearing courses to promote connections and increase
students' ability to graduate in a timely manner.
Completion of the stand-alone Math 95 and Math 96 developmental courses do not meet
graduation requirements, but allows entrance into higher level math courses. These two classes
cover ten modules of high school Algebra I and Algebra II topics including: exponential
expressions, rational equations, systems of equations, graphing lines, factoring, and polynomial
functions. Math 95 and Math 96 are entirely symbolic in nature, including the common module
quizzes and final exam. Math 95 and Math 96 also have an accompanying online learning tool
(ALEKS) for homework.
The courses are one summer session long and are conducted virtually for one hour, five
times a week for the duration of five weeks. The cost for the courses for each student is $1,000.
The study began one month prior to the commencement of the courses as the researcher met with
both participating instructors and provided all of the information about the study and the five
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CMM intervention tasks for Math 95 and the five CMM intervention tasks for Math 96 that
coincided with each of their units. These meetings occurred in person on campus, and virtually
through Google Meet. The instructors collaborated with the researcher on the CMM intervention
task based on their design and the results of the pilot study. Only minor changes were made, and
the videos, audio files, and visuals were all made virtually accessible on the virtual platform in
which the courses were accessible. The intervention tasks were referenced during daily classes
and at times were completed during the virtual class as a whole group. The reflections to these
assignments were done individually by the students after class. The web and phone interviews
occurred virtually and were recorded with Google Meet. The researcher reached out to the
students in the course one week prior to entrance into the class with consent forms and the initial
math identity survey. The researcher also was present during the first online class session to
recruit participants for the study.
Positionality: Role of Researcher
The role of the researcher contained elements of educator, recruiter, designer, budgeter,
grant writer, interviewer, coder, analyzer, and interpreter of results. Having experience teaching
from a chronological multicultural mathematics (CMM) framework and training fellow
educators on how to incorporate tenets of multicultural mathematics into STEM courses at
conferences; the researcher was able to collaborate with the two instructors of the courses on the
elements of the intervention and how to incorporate them into the course. After teaching similar
intervention tasks to a developmental post-secondary population, the researcher was able to share
to the instructors what elements worked best during the interventions. The researcher also
consulted with the instructors about the reflection tasks for each intervention and submitted these
parts directly into the online course platform to be utilized by students.
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The researcher acted as a recruiter through attending the first day of virtual classes in
both courses to explain the study to the participant pool. The researcher emailed all potential
students before the course began and fielded any potential questions about the study. During the
study, the researcher conducted the three semi-structured virtual interviews with participants and
provided information concerning tasks, reflections of the tasks, and surveys throughout the
course.
The researcher was able to secure funding from a dissertation completion grant at the
Office of Research and Sponsored Projects at UNLV. The researcher had to write a grant
proposal, a budget for the funding, get the budget approved by the Institutional Review Board,
complete training on how to pay participants, and deliver the funding for each participant.
After designing the methods, carrying out the interviews, and providing participants with
survey links; the researcher compiled and coded all of the quantitative data and qualitative data.
The transcriptions of the interview recordings were done by hand and then coded with QDA
Miner (a type of CAQDAS) to provide structure and objectivity in the process. The researcher
also utilized SPSS 26 software to analyze the quantitative results from the pilot study and the
dissertation study. The qualitative and quantitative data was then compiled, by the researcher,
using the PIP model to vet emerging themes.
Participants
There were nine undergraduate student participants in the dissertation study. The
participants were a diverse group consisting of five females and four males, aged from 19-45.
The self-identified races included: White (4), Asian (1), Hispanic (1), Egyptian (1), Russian (1),
and Jewish (1). The participants were undergraduate students that were required to enroll in a
developmental Math 95 or Math 96 course. These participants were placed into Math 95 or 96,
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due to low ACT/SAT scores or inability to pass the college’s entrance math placement test.
Three were enrolled in the Math 95 course and six were enrolled in the Math 96 course. Out of
the nine participants, only five completed all of the interviews, CMM interventions, and
reflection tasks. Of the four remaining participants, one completed two of the three interviews,
one completed one interview, and the other two participants declined to be interviewed, but
completed the CMM interventions and the MIS surveys.
Data Source
The math identity data collection materials included a revised version of the Crossley et
al. (2018) Math Identity Survey (MIS), semi-structured virtual interviews, and open-ended
reflections to the CMM reflections. The math achievement data included participants’ test scores
provided at the end of each module and the comprehensive final. In addition, the participants’
final grades were utilized to determine overall pass rates for both classes during analyses.
Math Identity Survey (MIS)
The week prior to the course and during the first week of class, students received a
Qualtrics link to the Math Identity Survey to assess their baseline level for their self-scored selfconcept, value and utility, and interest in mathematics. (Appendix A). The questions were
derived from Crossley et al. (2018). On a five-point scale the categories include self-concept (4
items), interest (4 items), and value (4 items). The lowest possible score is a zero and the highest
possible score is a twenty for self-concept, interest, and value. An average was utilized to
determine a composite math identity score for each participant across the three components.
Crossley et al. (2018) adapted questions for the MIS from psychological research of
racial stereotyping and gender differences on standardized math tests (Ryan & Ryan, 2005);
motivations from gender disparities on math performance (Mingle, 2013); and the construct of
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goal achievement (Hullema et al., 2010). Crossley et al. (2018) tested the MIS to determine the
relationship between math identity, linguistic ability, and math performance for elementary age
students. Math Identity’s three constructs: self-concept, value, and interest were not strongly
related to one another at significant levels (r < .500, p < .001) (Crossley et al., 2018). Therefore,
each construct can be evaluated individually from the MIS. Using linear models, medium effect
sizes for math identity variables were found: self-concept accounted for 14% of the variability of
math performance (r = .371), interest accounted for 13% (r = .360), and value accounted for 9%
(r = .303) (Crossley et al., 2018). The degree to which students self-identified with mathematics,
provided information about their learning preferences and can be utilized to tailor pedagogical
practices (Crossley et al., 2018). However, the “language used by participants related to
sentiment and cognition can explain a significant amount of the variance in a number of selfreported survey variables related to math self-concept, interest, and value.” (Crossley et al.,
2018, p 17). The construct of math identity and the components of which it is composed (selfconcept, value, and interest) are complex, individualized elements. The self-reported survey is
only able to capture a portion of what these identity components mean to a specific participant
(and the language and thoughts of the participants can reveal how these constructs can be
perceived differently). Therefore, a qualitative interview component was added to this study.
Through multiple interviews the researcher was able to unearth specific viewpoints on how each
participant conceptualized their own math identity growth.
Over a year-long study, 147 elementary aged students were evaluated on their math
identity, language processing, and math ability utilizing educational technology (Crossley et al.
2020). Crossley et al. (2020) aggregated the responses for each construct through averaging each
individual response resulting in Cronbach a scales of .72 for self-concept, .69 for interest, and
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.72 for value. The three components of math identity were again significantly correlated at a
medium level (r < .500, p < .001). Math identity was significantly correlated to performance on
computer based learning systems for self-concept (r = .308), but weakly related to performance
in interest (r = .163) and value (r = .181) (Crossley et al. 2020). Crossley et al. (2020) reported
that math identity constructs are significantly correlated with successful math performance in an
online context and language features of student’s writing are predictive of math identity
constructs.
For the dissertation study, the wording of the MIS questions was modified to reflect postsecondary students, as opposed to elementary students (the participants for which the original
instrument was designed). Differences of wording and question structure were implemented to
utilize a vocabulary consistent and appropriate with the participants, such as professor, course,
college students, and major. The revised MIS was utilized in a pilot study with a sample
population at the same university (n=46) taking Math 96. The MIS data from the pilot study
resulted in a total reliability of measuring the same construct of Cronbach a = .854. Individual
Cronbach alpha scales of .718 for self-concept, .772 for interest, and .762 for value were
determined. Question 2 of the self-concept scale (Is math harder for you than other courses like
reading or science?) was removed for the dissertation study to potentially increase the Cronbach
a to .813 for that construct. Question 14 of the value scale (How relevant is math content to your
major and future job?) was also removed for the dissertation study to potentially increase the
Cronbach a to .891 for that construct. Removal of Question 2 and 14 results in the entire
reliability of the MIS ranging from .847-.878, which is comparable to the original reliability.
This also created a modified MIS which contained equal amounts of questions (four) of the three
math identity components.
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The final version of MIS (taken after the final interview, at least two weeks after course
completion) contained an additional section about students' experience with the post-secondary
developmental math course (Appendix A). The first twelve questions were identical to the initial
MIS, having student participants self-report their self-concept, value, and interests in
mathematics. In addition, there were four open-ended questions in the survey about the course
they were enrolled in. These questions centered around the student participants’ experience with
the course as a whole, as it related to their math identity development. Student participants were
tasked with describing if and how any elements of the course impacted their math identity
development. These questions were utilized to directly compare self-reporting of the course’s
propensity to impact their math identity and math achievement. In addition, this section provided
prompts to explore any potential gender or racial identification with mathematics as a result of
the interventions.
Interview Guidelines
At three points throughout the study, approximately forty-five minute, semi-structured
virtual interviews (Appendix B) were conducted to provide more in depth information about
each participant’s math identity. These interviews occurred at two points throughout the seven
week course and once after the course was completed. The questions were open-ended, yielding
responses on student participant’s perception of math as a discipline and to what degree they
view themselves as a math person (as it relates to the three components of math identity: belief in
past ability, use/value, and interest).
The chronological structure of the three semi-structured interviews was based on
Phenomenological Variant of Ecological Systems Theory (PVEST) developed by Spencer et al.
(2011) and has been utilized with high achieving K-12 students, collegians, and professors of the
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STEM fields that identify as minorities (Houston, Pearman, & McGee, 2020; McGee, 2014;
McGee & Bently, 2017; McGee & Martin, 2011, McGee & Pearman, 2014). PVEST focuses on
exploring life histories of learners from historically marginalized populations to better
understand the factors that lead to academic success (McGee & Pearman, 2014). The histories of
future aspirations of the interviewees can reveal motivations and elements of identity that results
in perseverance and scholastic success (McGee, 2014; McGee & Bently, 2017; McGee &
Martin, 2011, McGee & Pearman, 2014). The interview introduction is taken directly from
Mcgee’s (2014) protocol from work with black preservice teachers that delineates the narrative
chronological questioning. The following sets of interview questions combine previous learning
experiences, current experiences, and future professional goals from a gender and racial identity
perspective that allows for reflection and exploration of themes.
The first interview occurred at the beginning of the seven week course. This interview of
the past related to participants' history of mathematics, asking about previous high school or
early experiences that shaped their math identity. Students' previous experiences in mathematics
classrooms were explored and the resulting outcomes on their mathematics identity. The second
set of interviews occurred during the course and explored students' present experiences of being
enrolled in a developmental mathematical course. Asking directly about their mindsets from
being enrolled at the start of the course, versus their current feelings, provided insight into
identity development and achievement changes. The third interview that occurred at least two
weeks following the completion of the course included questions about students' future
aspirations. Students' math identities were assessed in terms of their potential majors, and career
pursuits.

115

Having three in-depth semi-structured interviews provided the researcher with enough
detail into dynamic changes of math identity of the participants. Larnell (2016), Howard and
Whitaker (2011), Martin (2007), and Sfard (2012) all describe math identity as a dynamic
mutable narrative. The multiple interview sessions for participants provided opportunities to
determine if shifts were made, what shifts were happening, how did the shifts occur, and what
this meant for their academic careers and life outside the classroom. The semi-structured
formation of the interviews allowed for deeper descriptions of the affective and cognitive
accounts of intrinsic motivations (Hidi & Renninger, 2006), underlying self-efficacy that can
reciprocate achievement (Crossley et al. 2020; Renninger, 2009), external future oriented goals
(Larnell, 2016; Renninger, 2009), and the social influences on the value of the discipline (Larnell
2016; Harackiewicz, Rozek, Hulleman, & Hyde, 2012) of the participants. Using thematic
analysis, the researcher gauged the degree to which each participant aligned to the three
constructs of math identity. The amount of terms utilized that reflected one of these constructs,
the specific descriptive terms used, and the degree to which a participant aligned to these
constructs were all assessed on a continuum against one another. Their specific views were
evaluated as it related to their diverse peers who all were required to take the post-secondary
developmental course based on low test scores. The results of the thematic analysis were
checked utilizing a QDA Miner (a type of CAQDAS); and assessed along with the students’ MIS
survey to affirm assumptions and alleviate discrepancies. Potential limitations of utilizing indepth interviewing about one’s identity can cause students to think more or differently about the
construct being studied, compared to peers without the intervention (Glesne, 2016). However,
this added reflection on the construct can spark the development necessary for long standing
changes.
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Reflections after CMM Tasks
At the end of each CMM task, the student participants were instructed to fill out a
feedback questionnaire (Appendix C). This reflection provided questions about the intervention
activities, and how the tasks contributed to the development of the three components of math
identity. Akin to the interviews, thematic analysis was applied to their written responses in order
to gauge the degree to which participants aligned to the three components of math identity
compared to their peers. This other form of qualitative data acted as a confirming instrument for
the themes being assessed. The researcher utilized these reflection tasks to allow for other
possible themes that arose during the analysis. Past literature has shown that multiple layers of
math identity are possible (Beneken et al., 2015; Howard & Whitaker, 2011; Larnell, 2013;
Sfard, 1995) and only through vetting all possible themes through the PIP model did the
researcher feel confident that the complex nature of math identity was fully explored for the
student participants involved in this particular study. Assessment of the written responses were
also checked utilizing a QDA Miner (a type of CAQDAS) to remove any potential researcher
bias.
Directly asking students how the activities’ usefulness/value, interest level, and its
potential impact on their math achievement can seem to erroneously produce inflated results of
identity development, as participants are being asked directly about outcome variables. However,
this act of reflection was part of the intervention, and utilized to promote a positive shift in math
identity and reinforce its dynamic nature. The CMM reflections are aligned with multicultural
tenets of equity pedagogy (Gay, 2018; Turner et al., 2015; Banks, 2009) and democratic teaching
(Ladson-Billings, 2014; Ameny-Dixon, 2004). Participants were given the opportunity to reflect
on their identity to personalize the process. Altering a participant's trajectory of math identity can
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come from a meaningful moment of self-reflection, solidifying the turning point to form a
positive math experience (Howard & Whitaker, 2011). The action of self-reflection, itself has the
power to assist in the development of positive shifts in math identity (Butuner and Baki, 2020;
Ho, 2008).

Math Achievement Score
The students' math achievement score reflected the knowledge they ascertained
throughout the developmental course. The math achievement score was consistent with the final
grade percentage for students that consisted of three separate components. The math
achievement score is calculated by combining four unit tests (60%), a cumulative final exam
(25%) and online homework (15%) from a computerized Math Lab software. Students had to
score at least seventy-percent to pass the course. There were no opportunities given for retakes or
to make up any missing assignments. The developmental math courses (Math 95 and Math 96)
use common assessments (unit tests and final exams) allowing for cross course comparison.
However, during the period of this study, there was only one session of each course offered, due
to low enrollment. The tests utilized and cumulative final were completely symbolic in nature
and did not contain any word problems. These are skill-based assessments to ensure that students
have mastered the prerequisite skills for more challenging credit-bearing future math courses.
Intervention
Five CMM intervention tasks were included directly into the online course portal for the
student participants in the Math 95 and Math 96 courses. These CMM intervention tasks
(Appendices D-K) were designed to provide context, humanization, rigor, and critical
thinking/creativity into the courses. These tasks were approved by the Math Learning Center of
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the college, tested during the pilot, and focused on the three components of CMM: past, present,
and future (often in combination). After the pilot study, the tasks were revised by altering certain
wording and questions based on students’ conceptualization and comments, which were
observed during implementation, as well as from reviewing the turned in work after the
completion of the pilot. These introductory tasks aligned to the math content standards of each
learning unit of the two courses. The tasks were then provided to each instructor for feedback
and revisions, before incorporation to the online learning platform. The supplementary
introduction tasks were developed to authentically provide a means for deeper understanding and
investment in the mathematical content. The data collected from these interventions were not
included in the math achievement score, nor had any bearing on student participant’s grades.
These intervention activities were not graded and were provided in the beginning of online
modules for the virtual classes.
The five CMM tasks agreed upon by the instructor and researcher for Math 95 that were
incorporated into the course included: Exponents, (Appendix D), Percentage (Appendix E),
Probability (Appendix F), Statistical Analysis (Appendix G), and Coordinate Plane (Appendix
H). These tasks were provided to only student participants in the sequential order listed above
and were available as the last element of each unit learning module. The five tasks agreed upon
by the other instructor and researcher for the Math 96 course included: Linear Equations
(Appendix I), Exponents (Appendix D), Factoring (Appendix J), Rational Equations (Appendix
K), and Coordinate Plane (Appendix H). These tasks were provided in the sequential order above
to all students enrolled in the course and were housed in their own folder. Each task was
available to be accessed at any point during each online unit. Only the Exponent and Coordinate
Plane CMM tasks were utilized in both courses.
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The Exponent task (Appendix D) was a combination of a past and present activity.
Students read about the history of exponents (when the operation was developed, why it was
developed, and by whom), as well as their current usefulness. The task contained images of the
creators of the mathematical content, as well as provided pictures of ancient exponential systems.
Student participants were then tasked with utilizing exponents in four different present contexts
(viral marketing, sound decay, sports, and Geology). Each context had accompanying word
problem(s) that required exponents to be utilized in different ways.
The Percentage task (Appendix E) was a combination of an operational symbolic
breakdown of the computational method, present based and future based activity. Student
participants learned about the meaning of the word percent and how the mathematical symbol
embodies the operation. Students participants then were able to play a game to find missing
soccer balls from images taken from a previous World Cup contest. After converting and
averaging their scores, student participants were tasked in determining the underlying meaning
and of decimals, percentages, and fractions. In addition, students were challenged to think of
other settings in which percentages are useful.
The Probability task (Appendix F) was a combination of a past and present based
activity. Students listened to a podcast by Jacob Goldstein and Jeff Garcia on the history of
probability and money. Students learned about odds and gambling, as well as other uses for
probability. Students then had to determine how much money they would win if their bets for
four NBA teams were able to win the championship based on current odds.
The Statistical Analysis task (Appendix G) was a combination of a past and present based
activity. Students learned about the history of statistics and where statistical terms (mean,
median, mode) were invented and why. Students saw pictures of John Graunt and William Petty
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who used statistics and census data to determine the population of London in 1662. Then
students were tasked with completing statistical analysis of two of their favorite songs. After
hypothesizing about which song was more lyrically complex, student participants used word
lengths to determine the mean, median, mode, range, variance, and standard deviation of the
songs. After computation students had to determine if their hypothesis was correct and why.
The Coordinate Plane task (Appendix H) was a combination of a past, present, and future
based activity. Students learned about René Descartes, his history, and the story about how he
created Cartesian three dimensional coordinates. Students then got a choice to read one of three
articles and an accompanying video about the future uses of three-dimensional printing. Each of
the articles and videos described the present and future impact of three dimensional printing for
different fields (fashion, medicine, and law). Student participants had to answer critical thinking
questions about potential benefits and drawbacks from utilizing three dimensional printing in
various fields.
The Linear Equation task (Appendix I) was a combination of a past, present, and future
based activity. Student participants learned about ancient civilizations from different parts of the
world that utilized linear equations. Student participants saw images of philosophers and
mathematicians who were able to use linear equations to produce technological innovation
hundreds of years after their passing. Linear equation connections to current economics and
computer graphics development, as well as future technology like artificial intelligence (AI) was
explained with links to articles on video games created by AI. The mathematical task required
student participants to solve a linear equation problem using a supply and demand formula, and
then create their own authentic linear equation with one unknown variable.
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The Factoring task (Appendix J) was a combination of a present and future based
activity. Student participants listened to a podcast from Bob Borson about how mathematics is
related to his life as a current architect. Borson explains how architects use math on a daily basis
and his own past personal struggles with the discipline. Student participants were tasked with a
modeling problem to create a walkway for the tennis court that had to be the same area of the
court (thus requiring factoring), and determine what materials to make it out of, and explain why
they chose the material and design. Students then had to create another real situation that
required factoring to solve. This task and the Rational Equation task below (Appendix K)
contained challenge problems to ensure added rigor for the student participants of the Math 96
course. These challenge problems were authentic situations that related to current experiences
(college themed) that required applying the mathematical concepts in novel ways.
The Rational Equation task (Appendix K) was a present based task. Student participants
read about how rational equations are used in medicine and nursing in particular. There was a
graph and an accompanying rational equation that illustrates how drug concentration stays in the
body from effective to maximum levels. Student participants are tasked with a conversion based
problem to prescribe medicine to a child based on their weight, as well as efficiency based
problems where rational equations and fractions are employed in authentic situations to
determine interior decorator and coding efficiency.
Student participants had the opportunity to provide answers via a text box, website URL,
a media recording, or upload a file to complete the tasks. At the bottom of each task was a link to
the Reflections after CMM Tasks (Appendix C). The short google forms provided open-ended
responses about the three components of math identity (self-concept, value, and interest), as it
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directly related to the task itself. Student participants also were able to share what they learned,
their confidence in doing the activity, and provide feedback on how to make the tasks better.
The CMM tasks were chosen due to the time needed to complete them and ability to
prime and engage students for the upcoming lessons. The CMM tasks are interdisciplinary and
designed to promote the value and worth of mathematics itself. The holistic and metacognitive
thinking skills for mathematics provide a balanced perspective as one learns the skills necessary
to complete problems (Grubb et al., 2011; Klug, 2012). Without balance, progressive cultural
education will “short-change” students, despite its challenging and interesting nature (Horne &
McBeth, 1999, p. 77). These short supplementary introductory tasks are intended not to interfere
with the content of the course, but provide the motivation, relevance, and context for the
immediately following lessons. Going over the short historical readings, articles, podcast audio
clips, and video clips with an accompanying set of challenging problems should not exceed
fifteen minutes of any virtual class time. The tasks are designed to be prework homework
assignments to prime students. They were reviewed and discussed in class to provide a
supplementary and complementary introduction to that unit's mathematical content.
Providing cultural relevance through grounding instruction and learning in context was
done to promote understanding, socio-emotional wellbeing, and increased math scores
(Kana‘iaupun, Ledward, & Jenson, 2010). Based on historical mathematics, the CMM tasks
included elements of reading, writing, history, and experimentation (Alcoze, 1993; Siu, 2000;
Tzanakis & Arcavi, 2000). The CMM tasks provided context to future vocations, by utilizing
actual numbers and formulas from different fields of study that utilize mathematics. The
professions were chosen to relate to potential majors across different disciplines to motivate
student participants to see themselves in these roles. The elements of current media sources and
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technology were designed to explain to student participants that mathematics is not a dead
science to be rehashed from professors' heads, but instead the advancements of the discipline are
improving humanity (Lingard, 2000). In addition, the challenging tasks require critical thinking
and innovation through problem creation (Mahari, 2014) and can be solved through multiple
representations (Hodora, 2013) and using models (Lesh & Doerr, 2003; Stohlmann &
Albarracin, 2016).
The CMM tasks were designed to provide deep conceptual understanding through
utilization of context, whether it be related through the past, present, future; or some combination
of the three. Changing the perception of what learning math can look like, or redefining what
math can be used for can foster meaningful experiences (Nasir et al., 2015; Turner et al., 2015).
Learning mathematics is a context dependent, social experience (Vygotsky, 1978). Through a
shared language and agreed upon symbols, information can be transmitted between individuals,
as they learn from one another (Berger, 2005). The current design of the developmental math
courses is devoid of context. When students are faced with a series of symbols and numerals
arranged, without context or personal grounding, they lack the purpose and connection between
the steps. Errors can go unnoticed and unchecked without the words or diagram that is
applicable. Even when students ascertain correct solutions, the value stops there as there is no
application or use that the solution is grounded in. The CMM tasks have the ability to provide
learners with a contextual bedrock through historical origins and current and future uses, before
the necessary skills are presented, practiced, and assessed for mastery.
Procedure
Dissertation Completion Grant funding from UNLV’s Office of Research and Sponsored
Projects was secured to provide monetary compensation as a recruitment means for potential
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student participants due to the expansive nature of the study. Protocols, procedures, and materials
were provided to the Institutional Board Review (IRB) at UNLV to ensure that the study was
ethical and had a minimal degree of risk for potential student participants. After approval from
the IRB was secured, the researcher reached out to the head of the Math Learning Center to
propose the study and get a list of instructors and developmental courses for the summer session.
The approved IRB email contained information about the pilot study, the protocols, and plan for
the study, as well as all relevant materials. Out of the six potential instructors and online and in
person sections, only two online sections (one Math 95 and one Math 96) were to be held over
the summer sessions of 2021 due to low enrollment. The head of the Math Learning Center
reported that the common cause for the low summer enrollment was due to the Covid-19
pandemic.
The two instructors of these courses agreed to participate in the study, and I met with
them virtually and in person during the month prior to the commencement of the study. The
instructors collaborated with the researcher to determine which CMM intervention tasks were
most appropriate for their course content. The researcher explained options and methods for how
the instructors could utilize these supplemental introductory materials in their upcoming online
courses. The instructors did not voice any potential concerns about the study, but offered
revisions and additions that were incorporated to modify the CMM tasks and reflections. The
instructors allowed the researcher access to the online portal of the course to incorporate the
CMM intervention tasks and the reflection guides. The instructors also provided email addresses
of students to be contacted for the potential to take part in the study.
One week prior to the start of the courses, the researcher sent a recruitment email to the
potential participant pool (thirty-three students in total) enrolled in either the Math 95 or Math 96
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courses. The recruitment email contained an informed consent document and the initial MIS
survey to be completed. During the first online session of each course, the researcher presented
the study to the potential student participants and fielded any questions regarding its
compensation and requirements to be included.
The protocol for the study included: providing the MIS to student participants at the
beginning week of the course and at least two weeks after it ended; accessing introductory CMM
tasks at the beginning of each learning module; completing reflections after each CMM tasks;
and having up to, but not exceeding ten minutes of virtual class time to go over any questions
about the CMM tasks. The instructor explained to students that they can voluntarily opt out of
any part of the study and participation in the study had no bearing on their grades.
The nine student participants who agreed to take part in the study received a Qualtrics
link to the MIS to discern their starting level of math identity, during the first week of the course.
The student participants were informed by the researcher and their instructor that the survey is
part of a study, which is voluntary and intended to discern more efficacious mathematical
teaching strategies at the post-secondary level. Each student participant was invited to sign up for
completing the two forty-five minute interviews at two points in time during the course. At a
minimum of two weeks after the course's completion, each student participant was invited to be
interviewed again and fill out the second MIS. During the last week of the course, the researcher
provided the financial compensation in the form of a fifty dollar prepaid credit card to each
participant via mail. The prepaid cards for students who did not complete the study were returned
to the Human Subject’s Compensation office at the university site. At the conclusion of the
courses, the instructors provided a complete account of each student participant’s grades. These
scores included each unit test scores, final exam scores, homework averages, and final grades.
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Data Management
To ensure the anonymity of each research participant, a three digit code was applied to
each participant. Each student participant had a separate digital folder that included all
qualitative and quantitative data, as well as demographic information (gender, self-identified
race, and age). After data was gathered, the participant’s code was applied and then any
identifying pieces of information were removed from that specific data source. All of the
quantitative and qualitative data were secured in a locked digital account that was specifically
created for this study utilizing Google Drive that attended to permissions and protections. The
password for the drive was only accessible to the researcher and the researcher’s supervisor.
Within this drive, separate coded folders hold files of the digital information about the student
participants. There was one separate file of identifying information that linked the codes for
participants, with personal information for communication means only. There were no physical
(paper) hard copies of information. All of the data is stored in the Google Drive and then will be
erased and all communication emails deleted after the study’s completion.
The quantitative data of student’s math achievement grades were emailed to the
researcher by each instructor, at the conclusion of the course. The names were promptly removed
from the grades, as coded initials were utilized for each participant. These grades were only seen
by the researcher for analysis purposes. The quantitative MIS survey results were ascertained via
a Qualtrics form. The researcher enabled Qualtrics survey controls to ensure anonymity. The
researcher enabled anonymize responses in the survey options to not collect IP addresses. In
addition, the researcher assigned randomized identification numbers to survey participants to
ensure confidentiality. The MIS survey data was coded to each participant to ensure
confidentiality. The quantitative data was analyzed using excel spreadsheets and SPSS.
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The CMM task submissions and accompanying reflections had identifying materials
removed and the data was coded to each student participant, and placed in the accompanying
folder. The data for the CMM tasks was directly accessible off of the web platform for each
course. The researcher directly downloaded the responses and added them to each participant's
folder. The CMM reflections for each task were downloaded from Google Forms and were also
added to each student participant's folder, after removing any identifying information.
The virtual phone and video interviews were recorded on Google Meet and then
transcribed by hand. The qualitative data was then analyzed using QDA Miner (a type of
CAQDAS) to provide an effort to unearth themes. The original recordings were stored in the
Google Drive for each participant and were utilized during the transcription and analysis process.
After the conclusion of the study, the original recordings and the transcriptions were deleted.
Timeline
The timeline presented in Table 8 below outlines the process of obtaining the data that
was utilized throughout the study. Each element has the specific time frame and research action
that was necessary to gather all of the quantitative and qualitative data needed for the exploratory
mixed methods convergent design.
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Table 8: Timeline for Data Gathering.
Date

Research Action

4/1 - 4/22/21

Emailed the Math Learning Center for permission to run study and
obtain contact information of instructors teaching post-secondary
developmental math courses.

4/23 - 4/30/21

Emailed instructors of Math 95 and Math 96 summer courses.
Recruitment of potential instructors were provided with an outline of
study, and materials.

5/3 - 5/20/21

Collaboration with instructors for determining CMM Tasks and
reflections. Incorporation of study into online courses.

5/24 - 5/31/21

Informed consent and initial math identity survey emailed to the
potential participant pool of both courses.

6/1 - 6/10/21

First week of courses included virtual additional recruitment. First set
of interviews provided to students entering into the course, used to
determine baseline of math identity from past experiences.

6/21 - 6/25/21

Second set of interviews about present math identity, after being
enrolled in the course and experiencing the CMM framework.

6/28 - 7/2/21

Last week of course included providing monetary compensation to
student participants, and instructors emailing grades to the researcher

7/17 - 8/20/21

Student participants complete a final interview about their future goals
and aspirations. Student participants complete a final MIS survey.
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Ethical Considerations
Student participants were informed of their confidentiality throughout the process and
that they could opt out at any time during the study. Each interview and data gathering material
explained the anonymity of their responses. Student participants were also informed of the
potential minimal risk of distress from recounting past experiences, thinking about their current
math situation, and their future academic and vocational trajectories. These past, present, and
future details of their math identity did not result in any harm for student participants. Students
enrolled in post-secondary developmental math courses are traditionally a vulnerable population.
On top of having negative feelings about math and their place in the school system (Larnell,
2016), for many students these high stakes math course is the linchpin for future higher
education success or taking a different path for other career trajectories (Bahr 2008; Perin, 2004).
The students agreeing to take part in the study were informed of all of the time required
to complete the study (approximately two hours and forty-five minutes), what was expected of
them to complete out of their class work load (two MIS surveys, five CMM intervention tasks
with reflections, and three interviews), and that they could opt out of any part of the study and
still receive compensation. With the importance of passing being very high for students, as well
as the fees of the course, the time needed to complete the study parts were stressed in the
recruitment email and the experiment presentation. To offset the costs of being involved in the
study, the compensation for each student participant was in the form of a prepaid credit-card that
contained fifty dollars. The students were also informed of other benefits including the
opportunity to reflect on their own math identity, having more practice in the course, and being
tasked with authentic humanizing math problems that are designed to help them better
understand, appreciate, and feel confident in the discipline.
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Analyses
All quantitative data analyses were conducted utilizing SPSS 26. Three paired samples ttest were run to determine any significant changes for student participant’s self-reporting of the
three components of math identity (self-concept, value, and interest) from the pre and post MIS
surveys. A stepwise multiple linear regression was conducted to determine if any of the math
identity components were significantly correlated with the math achievement scores in the
course. The multiple linear regression utilized the final MIS scores (components of math identity
after the intervention) as the three independent variables, and math achievement as the dependent
variable. These two statistical analyses relied on data ascertained before, during, and after the
interventions were provided, to determine any significant effects.
Glesne’s (2016) approach to thematic analysis was utilized for analyzing the semistructured interviews, allowing for themes to occur naturally from flexible open ended questions.
Not prescribing the definitions of constructs of math identity and allowing participants to
determine the meaning of these terms in the context of their experience, can lead to unbiased
experiential data. From the interview data, themes were coded through specific terms,
descriptions, and adjectives of possible identity components across each participant (Glesne,
2016). Each potential theme was assessed by searching for its consistent appearance, vetted by
its saturation of the data (Glesne, 2016). Analysis of the interview data occurred at the individual
level, then at the course level (Math 95 vs Math 96), and then a third time in comparison to their
math identity scores as related to each other.
During each level of analysis, the overarching research question of development of math
identity grounded the process (Marshall & Rossman, 2015). In addition, using the meticulously
crafted questions based on PVEST and observational experiences from the pilot study to make
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inferences provided the researcher with the ability to generate the most knowledge from these
interviews (Marshall & Rossman, 2015). After all of the data was coded for themes, QDA Miner
(a type of CAQDAS) was utilized to provide a content analysis to ensure reliability. These two
software coding programs created a set of three themes present across the interviews (selfconcept, value, and interest). This flexible approach to qualitative analysis, grounded in
systematic questions and regimented control using QDA Miner to analyze the text and structure
the information provided a basis to show that the four themes were present across the
participants.
Chapter Five Summary
Chapter Five outlined the methodology for the dissertation study. The setting and
description of the student participants was outlined, as well as a timeline to detail each step of the
research process. All of the materials that were utilized in the study were presented, as well as
the rationale behind their selection and implementation. A mixed methods exploratory case study
requires converging multiple disparate pieces of data to justify a researcher's claims for the
effectiveness of an intervention and the overall significance of a study. Chapter Five provided an
overview of the methods and analysis utilized to analyze the data collected for each variable.
Chapter Six will go into detail of the quantitative results, the three themes (self-concept, value,
interest) that germinated from the qualitative analysis, and review the analytic models that
produced such themes. In addition, the overall themative results from the convergent analyses
will be discussed, as well as their ability to add to the current fields of math identity and reforms
to post-secondary developmental mathematics.
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CHAPTER SIX: FINDINGS AND IMPLICATIONS
Chapter Six Introduction
The findings of this exploratory mixed methods case study are broken down into four
sections. The first section describes the results from the statistical analyses that were carried out
on SPSS 26 that address the quantitative portion of the study. These analyses include paired
samples t-tests, a multiple stepwise regression, and a simple linear regression, as well as a
discussion of the overall descriptive data that was gathered during the study. The second section
includes the results from the thematic analyses conducted across interviews, reflections on the
intervention tasks, and the work gathered from the intervention tasks themselves. Mathematical
identity development is parceled into three themes of self-concept, value, and utility. These three
themes themselves, are in turn broken down into their development chronologically. Each math
identity component is explored from a pre-intervention, during intervention, and postintervention framework to create a detailed account of its development. The third section
includes the method of combining themes from elements of quantitative and qualitative sources
to create an overarching picture. The pillar integration process (PIP) model was utilized to create
the themes. The fourth section of the findings includes an explanation of how the three themes of
math identity development are concurrent with past research efforts, as well as add to the field of
mathematics identity and reforms to post-secondary developmental mathematics. In addition, the
interventions utilized in this study show the benefits of how math identity can be developed for a
post-secondary developmental student population.
Quantitative Results
To test the hypothesis that the intervention of a chronological multicultural mathematics
framework had an effect on the student participants, scores on the Math Identity Survey were
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compared at two time periods, utilizing a paired samples t-test. Three separate paired samples ttests were run on student participant scores on self-concept, value, and interest questions. A
Bonferroni correction was conducted to account for the three separate t-tests occurring at the
same time. Instead of an alpha level of .05, the 𝛼new = .01667 was to be utilized to reject the null
hypotheses. Prior to conducting the analysis, the assumption of normally distributed difference
scores was examined. The assumption of normality was upheld as the Shapiro-Wilk test found
no significant differences within any of the six subtests (Pre-Self-Concept, Pre-Value, PreInterest, Final-Self-Concept, Final-Value, and Final-Interest) utilized for the paired samples ttests.
Previous research by Crossley et al. (2018, 2020) separated each component (selfconcept, value, and interest) of math identity to conduct their analyses comparing identity
components to mathematics performance and mathematical success. Crossley et al. (2018, 2020)
arrived at the conclusion that each element was significantly correlated with mathematical
performance on a blended learning platform. However, each component was found not to be
strongly related to one another, and were thus assessed separately in analyses (Crossley et al.,
2018, 2020). The researcher of this study followed this guideline. However, composite scores of
the pre and post revised MIS survey were included, as this was a novel population to be assessed
using this instrument.
A paired-sample t-test was conducted to compare scores of self-concept, value, and
interest, on the Math Identity Survey before the intervention and after the intervention
conditions. The range of each of the three components is from zero (the lowest possible score) to
twenty (the highest potential score) for a math identity component. There was not a significant
difference in the scores for the pre-self-concept (M=13.17, SD=2.32) and final self-concept
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(M=14.33, SD=2.58), t(5)=-1.4, p = .22. There was not a significant difference in the scores for
the pre-value (M=16.67, SD=3.01) and final value (M=17.67, SD=1.37), t(5)=-.86, p = .426.
There was not a significant difference in the scores for the pre-interest (M=11.33, SD=2.16) and
final interest (M=12.67, SD=2.07), t(5)=-1.305, p = .25. Although none of these results are
significant, the mean value increased across each variable showing signs of the intervention
increasing self-reported math identity of the student participants. In addition, there were small to
medium effect sizes discovered for each of the three comparisons. Cohen’s d was estimated at
.572 for self-concept, .354 for value, and .533 for interest.
A composite score was calculated for each participant for their pre and post MIS survey
in which the lowest possible score was zero and the highest was 60. A paired-sample t-test was
conducted to compare composite scores on the MIS the intervention and after the intervention.
There was not a significant difference in the scores for the pre composite math identity
(M=41.17, SD=4.62) and final composite math identity (M=43.00, SD=8.32), t(5)=-.511, p =
.316. Although there was not a significant result the mean increased by 1.3. There was also a
small effect size found for this analysis. Cohen’s d was estimated at .208.
A multiple linear regression was conducted to determine if the final scores on the MIS
self-concept, value, and interest were able to significantly predict math achievement scores. The
independent variables were student participant scores on Final Self-Concept, Final Value, and
Final Interest. The dependent variable was the student participant’s math achievement scores for
the course. To ensure there was no collinearity found in the predictor variables, a Pearson
correlation coefficient was calculated to examine the relationship between predictors. The
coefficients r = .098, r = .-.215 for value to self-concept and interest to value respectively,
suggested that multicollinearity was not violated. The coefficient r = .743 showed there was a
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high correlation between the self-concept and interest scores. Because of this high value, all
tolerance and variance inflation factors were checked. Each collinearity tolerance value was
above .1 for the three predictor variables (self-concept =.377, value =.804, and interest = .363)
and the variance inflation factor values were all below 10 (self-concept =2.65, value =1.24, and
interest = 2.75), which did not indicate a violation of this assumption. A Durban-Watson statistic
was calculated to assess the assumption that the values of the residuals are independent. The
value was 1.624, falling between 1-3 to suggest that this assumption was not violated. A
scatterplot was also created to assess the assumption that the variance of the residuals was
constant (homoscedasticity). The plot did not indicate a violation of that assumption.
A multiple linear regression analysis utilizing the enter method was conducted to
examine if math identity scores across self-concept, value, and interest scales was able to predict
math achievement in a post-secondary developmental course. The model was not significant
F(3,6) = 1.471, p =.379, explaining 59.5% (R2 =.595) of the variance in the outcome variable.
Neither self-concept (B = .765, t = 1.361, p =.267), value (B = .239, t = .332, p =.762), nor
interest (B = -.11365, t = -1.167, p =.878), were able to contribute significantly to the model. The
predicted value of mathematical achievement out of 100 was modeled by this formula Ŷ =
85.077 + .765(Final Self-Concept) + .239(Final Value) - .113 (Final Interest). Self-concept and
value were positively able to predict student participant’s mathematical achievement scores,
while interest was negatively correlated.
After ascertaining that there was some evidence of math identity scores being able to
predict math achievement scores at a non-significant level, the researcher created a composite
score of final math identity for each student participant. This score was created by summing all
of the final levels of math identity of the student participants to arrive at one value to represent
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their overall math identity. If each element separately was unable to predict math achievement,
as the disparate categories had different levels for each student participant, the overall score
could account for these differences between categories of math identity. The overall composite
score (adding together the final self-concept, value and interest with a maximum possible value
of 60) could be predictive of their math achievement (final score in the course). The composite
score represents the participants’ overall sense of being a doer of mathematics.
To investigate if math identity was able to have an effect on student participants' math
achievement a simple linear regression was conducted. The predictor variable was composite
math identity (student participant’s self-reported math identity composed of totaled scores from
the MIS survey after the intervention). The outcome variable was the student's participant’s math
achievement scores (composed of tests, quizzes, homework, and the final) for the course. The
predictor variable was found to be significant, b = .84, t (5) = 27.03, p = .017. The model was
significant F(1,5) = 12.2, p =.017, explaining 70.9% (R2 =.709) of the variance in the math
achievement scores. The predicted value of mathematical achievement out of 100 was modeled
by this formula Ŷ = 87.522 + .261(Composite Math Identity). Indicating for every one unit
increase in the composite math identity, mathematical achievement changed by + .261 units.
The more developed a student participant’s math identity was by the end of the course, the
higher their overall grade.
Qualitative Results
The qualitative results came primarily from the three semi-structured interviews
conducted from the seven student participants who participated in this portion of the study.
These results are supplemented by the qualitative and quantitative data discovered from the
reflections of the interventions and the short answer portion of the final math identity survey
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(MIS). Each participant has been renamed with a pseudonym to protect his or her anonymity.
Before discussing their responses in regards to the themes, below is a snapshot of the student
participant’s demographic information, past performance, future goals, and final grade in the
course. The participants are listed in order of their age.
Ava (age 20) is a first generation Hispanic (Cuban) female student from a single mother
household. She self-identifies as a human rights activist. Ava was enrolled in Math 96. Ava was
unsuccessful in passing Math 96 class last year. She was able to succeed in math early in
elementary and middle school (winning awards), but struggled in high school and college. She is
currently working at a counseling center, and has ambitious plans for the future which include
getting a master’s degree in social work and a doctoral degree in law to become an advocate for
sexually assaulted children and/or female sex workers. She is involved in student government as
the student member for the title IX board, and shares a panel with the president of the university
on the board for sexual misconduct cases. Ava was successfully able to pass the course with
100%.
Mary (age 20) identifies as an Asian female that was enrolled in Math 95. She was
unsuccessful in passing the course last year. Mary has a history of failing math courses (high
school) and feels anxiety about her ability. Mary’s emotional distress about doing math is
compounded by her race (her perception that Asians are good at math) and her parent’s push to
have her succeed academically. Mary is pursuing a career in law enforcement. Mary was
successfully able to pass the course with 81.53%.
Zander (age 20) identifies as a Jewish male and was unable to pass the entrance exam to
be placed into a credit bearing math course. This is his first attempt at Math 96. Zander
previously struggled in high school mathematics and his mother is currently an educator. Zander
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has goals of being a landscape architect, which combines his interests of plants, nature, science,
math, architecture, and the arts. Zander was successfully able to pass the course with 100%.
Jared (age 23) identifies as a white male and was unable to pass the entrance exam to be
placed into a credit bearing math course. This is his first attempt at Math 96. Jared graduated
high school early (due to his dislike of high school and his desire to finish as early as possible)
and never had any difficulty in passing math classes previously. Jared recently added a second
major of computer science to his graphic design plan, and needed this course in order to place
into credit bearing math courses on his other track. Jared’s career goals include wanting to be an
animator and building websites. Jared sees the value of this course as it will provide the
knowledge to be successful in future credit bearing courses in his computer science academic
journey. Jared was successfully able to pass the course with 100%.
Amit (age 24) identifies as an Egyptian male and a middle easterner. Amit was enrolled
in Math 95, after being unable to pass the entrance exam. This is his first attempt at the course.
Amit struggled in math in high school and recounted many problems with motivation. He has
goals of pursuing the STEM field in an engineering role. Amit was unsuccessful in passing the
course and had a final grade of 31.63% (Amit was the only student participant to fail either
course, every other student participant scored higher than 80%).
Brian (age 30) identifies as a Russian male that is gay and cisgendered. Brian was
enrolled in Math 96 after being unsuccessful in passing the entrance exam on three separate
attempts. Brian was successful in passing Math 95 previously at a community college and scored
a 99%. Brian was in honors math courses in high school, and only struggled when he entered AP
statistics. Brian’s first undergraduate degree would have been economics, but he had to drop out
because the statistics courses were too challenging. Brian recently switched his degree plan from
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graphic design, to pre-nursing. His current career goal is becoming a nurse. Brian was
successfully able to pass the course with 100%.
Shelly (age 45) identifies as a white female with a learning disability of dyslexia. Shelly
was enrolled in Math 96 after failing the placement test. Shelly already passed math 120, but was
unable to be enrolled in the necessary math 124 (due to her new nursing major), unless she
scored high enough on the placement exam. Shelly has goals of becoming a nurse, obtaining her
doctorate of health sciences and master of nurse practitioner at the same time. She plans to
design an improved system for patient communication within healthcare (a communication chain
between patients, nurse advocates that specialize in providing information about systems and
options, general practitioners, and specialists). She wants to improve patients' knowledge about
the healthcare system to allow them to make more informed choices. Shelly finished the course
one-week early and was successfully able to pass with a 96.63%.
Self-Concept Pre-Intervention
Due to previous failures in the developmental course, inability to score high enough on
the placement tests, or bad experiences at earlier math levels the self-concept prior to being
exposed to the intervention was very low for student participants. The student participants had
little belief in their achievement and ability. Recounting their past experiences in the first
interview and discussing their thoughts and feelings about being enrolled in the mathematics
course during the second interview, revealed these low levels of self-concept across all the
participants.
Ava recounted her past mathematical prowess (winning math awards and scoring 100
percent on tests) throughout middle school. However, when it came to high school she was
unsuccessful:
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Actually, it [math in high school] was pretty horrible… I always loved math, like
elementary school, and middle school. And the kids surrounding me looked like
me, they were just brown skinned and women. But when I came to high school,
[there were] a lot more or more males and white kids and Asian kids and they just
seem so much smarter. You know, I felt insecure which made me negative. It
negatively impacted me. When I got to high school… I don't even know, we just
were so focused on how we looked, and there's so much technology. So it's like,
what are you posting? How do you look? I fell into the category of social status…
So, I didn't think about math. I sat next to this one girl and we would laugh all the
time, my freshman year. And sophomore year is hard. And I just remember kind
of giving up. I was never like pushing myself or [felt] challenged. So I just
remembered not really taking math seriously in high school.
Ava’s low self-concept continued when thinking about this course again and recounting
her experience with a tutor after failing Math 96 a year and a half ago.
Yeah, I was like, freaking out every single day. The syllabus had an exam every
Friday. And I was like, oh, man, I’m mad… I remember panicking, like every day
in May waking up and being like, Oh, no, we [are] a couple days away. So I was
very mentally unstable. [In regards to the last time taking the course the first time]
It was really traumatizing. I sat next to my two friends, as we saw each other on
the first day of school, and when you see your friends on the first day of school
and college setting you never been in before, you're the first thing you think of is,
Oh, of course, I'm going to sit next to them. Not thinking that, oh, maybe there'll
be a distraction. I [remember] I always had to have my hair done and my nails
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done. That was very important to me.. we all didn't get it [the material] and we all
failed together. All three of us. I remember one time even going for tutoring at the
school, and the man was like “are you just going to rely on your looks your whole
life?” and I was like Wow this wasn’t very cool. I was quiet, and said I didn’t
need help anymore, and I bailed on the exam and failed the course…There was
like 30 steps… in most cases, like, I'll mess up on like one thing and then get the
entire equation wrong. And I’m failing the test, because I messed up continuously
on this exact portion of the problem. And what about the rest of my work? So I
feel like math just as the harder the classes get, like, the more things you have to
remember. And you actually do have to pay attention to your past stuff. If you
didn't pay attention to what was going on in math 122, you're kind of screwed for
less than 24. Because, I don't even know, for me, it's frustrating, having to
remember all the steps when I can't even remember, like what I did yesterday.
Ava’s low self-concept, lack of confidence in her ability, and overall sense of her math
skills was shared by four of the other six participants interviewed. Mary stated:
Oh my god, I was so scared to do math. And all my friends were in really high
math classes. And I literally failed that class [Algebra 1] and I had to retake it
like, three times, I think, just to pass High School. And then I just learned that
geometry was not my thing, either. And like, Oh, my God, it was terrible… Hella
people are like you’re Asian you shouldn’t be bad at math, I’m like, I’m sorry, my
bad, I’m not that way… they make me feel like something’s wrong with me.
Amit echoes Mary’s sentiments of past struggles with the concept and that he should be
better because of his race (as he identifies as a Middle Easterner). “Oh, my God, like Egyptians,
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we tend to choose jobs like engineering and in the medical field, which have math, which I was
never good at…I lacked motivation, I just never paid attention to how to do it. I needed lots of
tutoring just to pass, since then I’ve been trying to learn less math”. Shelly had an unsupportive
family, as well as the school system stating she would not be able to achieve mathematically
because of her dyslexia. She said “I always felt like I wasn't good at math… my sister and my
mother always said you’re not good at math, that’s not really your thing.”
The words “not capable”, “too hard”, “frustration”, “anxious”, and “stressed” were
repeated by student participants as they thought about their previous math experiences, in
anticipation of the class, and being enrolled in developmental post-secondary mathematics. The
stories of unchallenging high school classes which contributed to lack of motivation and learning
from Ava and Jared; or failing to score high enough on the placement test three times in a row
(the maximum number of attempts) from Brian, were key indicators of low self-concept for the
student participants. The lack of past successes adulterated their math identity in terms of their
sense of their own ability as doers of mathematics. The student participants entering the course,
before the intervention, did not see themselves as capable of completing mathematical tasks at
the collegiate level.
Value Pre-Intervention
The value the student participants held for this course was mostly at the surface level (if
present at all), as a stepping stone for future credit bearing courses. Many student participants did
not feel that the course was necessary for their future endeavors, or felt as though they did not
need it, or the placement test was flawed (and they should not even be in the course). When
pushed about the usability or applications of mathematics prior to the intervention, many student
participants could not see how algebra could be valuable in life outside the classroom.

143

Brian explains the difficulty in seeing the usability or value of mathematics outside the
classroom:
Not so much, I've definitely seen some [value], when you're trying to figure out
simple basic variables in our heads. Like when you're cooking and things like
that, but that's just also day to day stuff. You know, some of the more complex
stuff, like today I was working on whatever they called it like adding x squared
minus 3x plus five over x times x plus two [adding rational equations of
polynomials]… and I thought these are just strange numbers. What is this? Why
would I ever need this?
Zander echoes the same sentiment of lack of value in the outside world:
I'll tell you one thing teachers have never, my teachers have never been right!
They've told me I will need this every day of my life. Not once has some random
person off the street come up to me and say solve this problem. Not a lot of value.
Not a lot of value. Not a lot of value [he repeated it emphatically three times]. I
understand that it may be useful in some niche parts of your life, some things that
you will need when you get older, taxes for one, finding out how well a credit
card works, especially when dealing with interest. Those sorts of things, but never
in the outside world. Or if you do, you don't really think about it to the point
where it's math, but it's just there.
Ava was also unable to find the connection between mathematics in school and the
applicability in the outside world prior to the course and intervention:
Unless you're gonna do engineering or something crazy…you're not really
multiplying polynomials, you know, out in your real world. You're trying to
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figure out how to lift up your credit score, and try to figure out how to get an
apartment, or you're trying to figure out finances. I don't know, your parents are
dying, and you have to figure out how you're going to pay for those expenses, or
take over their life insurance and receive those funds. I just think that reality is so
much different than education.
The most common response to questions of how math is valuable or useful before the
intervention was seen in its ability to help students get into a credit bearing course (Math 124 or
Math 126) needed for graduation. “It will get me to the next step”, “part of my degree path” ,
“I’m just getting through it, to get to the next math”, was repeated by most of the student
participants. The value or usefulness of the content did not exist beyond passing the course itself
and held little to no bearing in outside world applications.
Interest Pre-Intervention
When questioned about interest in the subject of mathematics before the intervention, the
responses were silent as most student participants had trouble coming up with anything that
could possibly be interesting about the discipline. Brian and Zander were the only two
participants that found the structure or logical progression interesting. Having one answer at the
end of a problem, the structure, and lack of inferences were the only interesting part of the
discipline for these student participants.
When Mary was first questioned about if anything was interesting in the discipline she
replied “Umm, not really, no. I just don’t like the logistics of math classes…. I just didn't feel
any motivation to do math. It was just not my favorite subject at all. And for college, my parents
were just like, you have to do it. You have to do it! And that was my only encouragement to
enroll in this course.”
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Brian found some interest in having a correct or incorrect answer at the end:
It's [math in college] still kind of just the same. So as it's always been something I
need to do. In a way certain types of math homework are a little refreshing to me.
Because it's either right or wrong… I like something about how it's very right and
wrong.
This type of interest was true for Zander as well:
The parts of math that I find interesting are that it's simple. It's specific. You don't
have to worry about if you're being misunderstood, because you can, they can
follow along with your process and how you've broken it down bit by bit. There's
no fear of being misunderstood. There's always a correct answer. Even if quite
literally there is no solution.
The level of interest before the interventions and taking the course were minimal for
student participants. Many explained that the interest or joy of doing the subject came only from
working on it with their peers, but the concepts or math content did not strike them as interesting
or fun. Through having students directly reflect on the interest level in the tasks after each one’s
completion, and having them be questioned about the interest in mathematics sparked more
developed answers in the next two interviews. Students seemed to be on the lookout for specific
parts of their course and the content that was indeed interesting, as well as useful, building up
their self-concept and math identity as a whole.
Self-Concept During Intervention
From responses in the reflection tasks and throughout the second interview, student’s
self-concept of their math ability was developing. Many of the students were also succeeding
academically in the course (every student in the Math 96 course was on their way to an A, which
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was the first A in a math course for many). Their confidence was increasing, and in turn was
their motivation to work harder. Amit was able to have more confidence although his test scores
were low “I like how it is explained in a very simple way that's easy to like, memorize the
formulas, I feel good about the homeworks, it's the tests that are hard''. Mary echoed this effort of
trying during the course “I definitely feel like I am now pushing myself to try my best [at] math
it's just…never clicked to me before. For some reason. I really wish it would.”
Stephanie was able to show lots of development in her self-concept during the second
interview, not letting dyslexia stymie her progress:
I am probably average. Because a lot of times, for me, I have to be very careful
about making sure I see the signs correct[ly]… Sometimes that gets a little mixed
up with the equal sign, when the negative sign is right next to it…so I have to be
really careful about doing that. That takes me longer, but I enjoy getting through it
and building my skills… What I kind of learned a lot about myself as far as
mathematics while taking this class. I was always one that thought that I was
really bad at math. And there's things that I have to be very careful about when
I'm doing mathematics. And pay really close attention to things I can't do when
I'm trying to continue. But I've kind of found out that that isn't as hard as I thought
it was, at least at this level.
Seeing preliminary success while enrolled in the course and the ability to complete the
tasks was beneficial to Jared, Brian, and Ava. Jared explained his current feelings about his math
abilities:
The [computer] work is actually really simple and helps me understand it, because
they give that first example and after that first example, even if you get it wrong,
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they show you how to actually solve it, which I feel like that helped a lot. The test
I've gotten above a 90 on all of them, I would say. I say I'm pretty good at taking
the test but it's more of [the] objectives. So usually I do [a] couple objectives a
day, which I think helped me. So I spaced it out enough so that I'm taking in the
information but not like losing it.
Ava (traumatized from failing the course last year) only took one summer class to focus
on math. “For this term, I have only one class, because it was math and I was nervous. I was like
‘Oh no! Math!’ But it's not that bad and I am doing really well. I’ve just been very on top of it.”
Brian (failed the entrance exam three times and was unable to complete his previous economics
major due to statistics courses) was also much more confident in his math abilities during the
course:
But math itself isn't something that really intimidates me, I currently have 100%
in the course… on my actual assignments, like my tests, I've gotten only one
problem wrong, and that's because I [made] a writing error. It wasn't even a math
error. Professor saw that in my written work, and she was just like, ‘I know what
you meant’. So she gave me the credit for it. It's enjoyable to me, you know, and
because I'm not really struggling too much with it. So it's kind of just, it's like
working my way through an easy puzzle.
The average score of confidence in mathematical ability while completing the
intervention tasks was a 3.44 on a 1-5 scale (five representing most confident), as many students
stated that the readings helped them solve the problems. Out of the twenty-nine submissions of
task reflections, only two students claimed they were unable to fully complete the tasks (the
other responses were somewhat or completed). The history, current, and future uses of the
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content led to these responses that reveal developing self-concept: “The history of how early
humans used exponents in math helped to understand how they are used today.”
“This task motivates you in the sense that math is and can be challenging but don't let it
discourage you from your dream, if your dream is to be an architect try it don't let the math
defeat you.”
“It definitely gives great insight into how many different ways exponents are beneficial to us,
even in ways we may only have been subconsciously aware. This is kind of a demonstration that
math really is more useful to us as adults than we realize.”
Value During Intervention
The value, use, and applicability of the mathematical content was more evident in student
participants' responses during the intervention. Their ability to explain the value of the content
they were learning was much more developed during the student reflections of tasks and
throughout the second interview. Many students were able to explain that mathematics was a
valuable tool and could see it applied in various settings, outside of the classroom.
Brian explained that he was using his math skills at his job to determine how many
donuts to fill the boxes and when the screen of the register went out:
“Well, I kind of have to proportion [at work]. We have these boxes where there'll be
online orders that come in from Doordash or something. And so when it comes to doing
those, we kind of have to keep track of how many we need to take the trays that are kind
of donuts to fill those up with. So it's hard to explain it, but I kind of do it in a way where
I keep track of what the tray looks like, because they go and trays of ten by six. So there's
60 donuts per tray, depending but for most of them there are. And so I'm kind of doing
my own funky little math in my head… and there was one day that our register went
down. We were using a calculator. And because the register machine worked but the
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screen wasn't working. I wound up doing a lot of math in my head for smaller orders,
when it was just like one or two donuts that I could easily and quickly total up in my
head.

And when asked more about the current usefulness of the content he was learning Brian
brought up the tasks themselves:
Especially, because I've done the first two tasks, and they're a really good
example of reminding us like, hey, math is actually kind of legitimately all around
us, you know. I mean, it is really important. [Be]cause, you know, percentages
come up all the time in life, right. Things like that, okay, so shapes, geometry,
spacing, all of that, that was a huge, proportions, ratios that was hugely important
…it's not quite as important other than the typical day to day, you know, figuring
out how much to tip in a restaurant or, you know, just the average you know, it's
gonna be it's gonna be pretty important to me as a nurse, for sure. But as of right
now, just in my day to day and also trying to get through the pandemic, you
know, the most important aspect of using math is when I'm cooking.
The idea of the mathematical content being a useful tool was brought up many times
during the second set of interviews by Zander, Shelly, and Amit. Zander stated “I see [the math
content of 96] useful when I need it. I don't see it hindering. I see it helping. I don't see it being a
burden. I see it as a tool if need be… usefulness and value to me, go hand in hand. Useful, you
know, [math] as an important tool.” Amit stated “I think [math] is a pretty useful tool. Like, if
you're at a restaurant, to find out oh, how much is 20%? Or, how much is 15%?
Shelly provided a detailed account of the utility of the math content:
You know, pretty much the thing is it's useful, it's a tool, I kind of view it as
approaching life. And specifically, when it comes to the healthcare field…when
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you look at it more specifically, math, you have these tools in your toolbox. And
you have to learn the tools and learn how to use the tools and know what the tools
are used for, what their main purpose is, and what other purposes you can use them
for that maybe aren't their most obvious. And then that's in your toolbox. So this
class is a tool in my toolbox, for reminding me how to use certain tools, and just
stick it in there. And then when I need it, you just need it, you pull it out, just like a
toolbox, you know, just like to do with tools, when you're fixing a car or whatever
it is you're doing…I'll use those tools and statistics for working out what the odds
are of certain people acquiring certain diseases or processes happening in their
body at certain times in their lives. Or, so yeah, I'll be using those tools, for
cooking and other activities…Whenever you need to, to figure something out. And
the math also helps you figure things out logically. I mean, that's what it teaches
young kids. So I mean, any time you have to make a decision and work something
out as a problem in a process, Math taught you that at some point, whether it's
specifically this class, or you know, learning it as a child or a school or other
classes that might be taken in college.
In twenty-six of the twenty-nine (89.66 %) submitted CMM task reflections, student
participants provided information about how the tasks were able to illuminate the value or utility
of mathematics. These responses differed in length and detail, but encompassed the concept of
utility as it applies to authentic activities inside and outside of the classroom. These task
reflections contained many first-hand accounts of the value of the mathematical content, its
usability, and applicability across different fields: “It helped me to understand the amount of
mathematical calculations that go into the creation of architectural plans.”
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“Learning about the harmonic formula. Initially it was kind of confusing but after figuring it out
I can actually see how the principles of it can apply to a lot of things.”
“3D printing is an extremely important technology that can shape so many different things. I
think it's important to have even a cursory understanding of its possible uses.”
“It was kind of a reminder that we do use linear equations constantly whether we're aware of it or
not.”
“Mainly learning about the ways that linear equations are applied in life that I wasn't previously
aware of. I had never thought about how the graphics in video games are essentially a shifting
coordinate plane that is accomplished through linear equations.”
“I really enjoyed reading about the applications to nursing as I am studying to be a nurse.”
These responses signify a large step forward from the only value being getting to the next course,
fulfilling a degree requirement, or the notion that the content will never be utilized that were
expressed in the first interviews.
However, only two (Brian and Shelly) of the seven interviewed participants specifically
discussed the value or usefulness of the CMM tasks during the second interview. Both combined
the task utility to their future vocations of nursing, highlighting that elements of mathematics
would be needed in their profession. Self-identifying as future nurses, mathematics was now a
component of their career paths and the CMM tasks directly linked this connection to the
discipline. When asked about the tasks during interview two, the other participants provided
information about the interest the tasks provoked, how the tasks helped their self-confidence (as
easy activities to complete), or regarded them as another assignment of the course requirements.
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Interest During Intervention
When asked about interest in the content of mathematics, while enrolled in the course,
many student participants were able to recount elements that were enjoyable and could hold their
attention. The responses were varied, but were much more developed then when originally
questioned. The targeted interventions that were designed to evoke interest seemed to make the
mathematical content more palatable to the student participants who previously struggled with
mathematics in the past.
Amit stated “You know, before I didn't really have that much of an interest in math, but
now that I'm learning, it's not really that bad. So it's not that bad. It's pretty interesting. Okay, I
am saying it, I do think it's an interesting subject... And I'm trying to get better at it.” Shelly
stated “I like doing it, it's like doing a puzzle. I like getting the puzzle right. I enjoy the puzzle of
math. So by having a problem and answering it, I made it through.” Unlike his peers, Jared found
interest in the difficulty and his personal misconceptions of the concepts. He stated:
It was two objectives ago, with exponents, and exponents and fractions and
multiplying them stuff. And I thought that was hard because of how my mind read
it and thought about how to do it. Then, while doing it, it was totally different
from the actual like, how it's done. I thought that was interesting, where you like,
multiply, you're actually like, adding the exponents together. I thought that was
very interesting.
Amit was able to see interest, just by going through the first three weeks of the class and
having some of his preconceptions shifted now that he is working through the problems. Shelly
found interest from having success in being able to solve the puzzles and now was finding the
content more enjoyable to complete. The problems were still challenging for her, but she was
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invested and seeing the benefits of her success. Jared was finding interest through learning novel
uses from previous symbols and operations. His early misconceptions of the exponent operations
led to intriguing discoveries, as he was being successful in mastering the objectives.
When recounting the tasks Zander stated, “I found them interesting…It certainly brought
a lot more to my attention that math is involved in a lot more than I thought. It was cool. That
was interesting and a little look forward to what I have to do in the future. It was unique in a
way, the different tasks, how they introduced me to history and how math can be applied.”
In twenty-five of the twenty-nine (86.20 %) submitted CMM task reflections, student
participants provided information about how the tasks were able to develop their interest in
mathematics. These responses varied, but were primarily composed of the relatability of the
material and the historical components included in the readings and podcasts. The student
participants reflected on the intervention tasks' ability to be enjoyable and engaging: “I really
enjoyed the history of how modern exponents were developed. I'm still not entirely sure I
understand the numbering system of ancient Babylon but I did think it was very interesting that
they kind of just said "eh" when they didn't know what to do with the number zero.”
“I found the computer graphics and economics parts interesting because I could relate to them
more in regards to things I do in my everyday life.”
“I used to want to be an architect and I really enjoyed reading and listening to the recording. It
wasn't so much the standard math they shied me away from the idea. It was more about the
physics that scared me. It was interesting to hear that you don't have to be a math Brainiac to be
able to be an architect.”
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“What was interesting to me was how Mark [the architect] was so open about his personal
struggles with math but how he didn't let that discourage him from following down his career
path.”
These responses are representative of interest beyond original sentiments in the first
interview of non-enjoyment or only engagement from having objective, right-or-wrong answers
at the end of problems. The variety signifies that student participants have varied preferences, but
the novel presentation of material and the context of the content was able to garner the interest to
complete the tasks. The task reflection responses of engagement are also reinforced by the work
submissions that represent the effort and perseverance applied to complete the rigorous
mathematics activities.
However, only Zander of the seven participants interviewed specifically commented on
the interesting nature of the tasks during interview two. This could be attributed to students
conflating the math tasks with the entirety of the post-secondary developmental course. In
addition, due to the semi-structured interview approach, the researcher did not push into specific
elements of each task and allowed the participants to explain their experiences with the course as
a whole, during interview two.
Self-Concept Post Intervention
During the final interviews and from the open-ended responses to the final Math Identity
Survey (MIS), student participants were able to reflect on their current feelings of mathematical
identity and how it related to their future pursuits. These responses all occurred at least twoweeks after the course's completion. As student participants looked to the future their belief in
their ability was high. However, for some student participants, fear still existed for the future
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credit bearing math courses. As doers of mathematics, many students were unafraid to rate
themselves highly, which could stem from the very high marks almost all of them received.
Zander stated he was now “competent, I could say I am better than some, in a general
sense”. Shelly stated that this course “helped me regain confidence after not taking a math course
in seventeen years.” Jared stated that “I feel like this class was really well done and was nice for
me as I was able to work at my own time and if I needed help I could get it which helped me a
ton for the ability to pass.”
Ava rated herself highly as a doer of mathematics. This confidence in her ability is
mirrored in her burgeoning interest and ability to reach out for help from her friend when
needed:
Nine out of ten, because Harper (pseudonym) she's [in] engineering I think I
mentioned her last time. Just taking all her calc[ulous] one, calc[ulous] two, [and]
calc[ulous] three classes. So whenever I struggle, she really helps me and she
lives ten minutes away so I can drive to her house, because I've known her since
middle school. And that would make me ten out of ten, I give her one out of ten.
Either nine out of ten, Okay, and then she completes the 10. Like, the reason why
I got 100% [in the course] is because she provides that extra little boost for me
when I struggle… And when I think back, this [referring to simplifying after
factoring specifically] was actually kind of fun, because they're like crossing off
and moving down to it. Yeah, I like that one too. It is fun. So I feel like I'm good
with numbers, I'm really good at it. If you give me a task, and I write notes and
take notes on it, I will pick it up. And I like the fact that like with math, there's
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always an answer. So I feel like I like math, just like it just depends on like, who's
teaching it? And like how they're teaching?
Ava’s belief in her ability was shaken when she had some doubts about the next course,
but in the following statement her drive to succeed mathematically and understand the material
revealed she was in a much better position than when starting the course:
I know that we can use photo apps to give us the answers. But like, I want to
know how to do it for the, you know, the final exams. Going into Math 124, I
want to be successful. And people are always like, fresh out of the pandemic, my
friends, Oh, just use Photomath [a phone application that provides the answers to
math problems]. Like, who cares about figuring it out how to do it? And I'm like,
yeah, bro, but like, some people want to know how to do it. And I am one of
those people.
Brian was confident in entering into the following credit bearing math course. For Math
124 he stated “[I am] much, much more confident, much more happy with that. I feel like I'm
actually accomplishing something and not just taking the easy way”. However, statistics has
always been Brian’s nemesis to reach his academic goals. Brian was questioned specifically
about his feelings for his future statistics class for his nursing degree:
I think honestly, I might just be worried because of my last experience with
statistics…I had a really nice teacher, he just couldn't, he could just never explain
anything. [The teacher] felt pity because he knew I was trying really hard…So it's
just gonna be it's kind of just a waiting game to see what my ‘Stats’ professor is
going to be. And it might also be a little different because I know it is 200
Statistics but it's a little different, as it focuses a lot on medical things so
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something about that and they click better with me or resonate with me I'm not
I'm not sure. I don't want to necessarily say I'm intimidated because, I just truly, I
don't get intimidated by classes or schools or professors or anything, but I can get
discouraged if I've got a professor who's just not vibing with.
Brian previously stated that statistics was something he could not grasp and these
difficulties started in high school and persisted, as he was unable to get his first degree. During
the final interview, although having reservations, he claims to be no longer intimidated by the
course anymore. In addition, he believes that parts of this statistics course (the medical lens it is
taught through) can resonate with his ability to learn. Like Ava’s and other student participants'
outlook, Brian’s self-concept about statistical mathematical content has significantly improved.
Value Post-Intervention
The future value of the mathematical content became evident to these student
participants. Instead of mathematics being just a school requirement, valuable only to get to the
credit bearing courses, the student participants were able to discern applicability to their own
personal trajectories. They were able to see that math was a part of their future career endeavors,
as the subjects (nursing, architecture, game design, engineering) for the chronological
multicultural mathematics (CMM) intervention tasks aligned to many of their personal
vocational preferences and academic tracks. Even Ava, a future lawyer and social worker was
able to find future utility of mathematics in her academic and post-academic career. The
responses highlighted in this section are from Ava, Brian, and Zander. Each of these student
participants originally stated that mathematical content had no usefulness or value outside of the
classroom in the first interview. Zander even claimed that teachers were lying about the utility of
the discipline.
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Ava’s reported that her future career ideas, plans for her study, and her role as being part
of student government all involve using mathematics. In previous interviews math was seen as a
stepping stone to get the next class and that reality and mathematics in school were diametrically
opposed; but now she is able to see its utility across different fields:
I plan to create a research study and figure out how many women were sexually
assaulted. During my study, I need to know how the percentages and numbers and
this and that. Or if I'm trying to figure out how to budget for the student
government… Or if I get a certain budget, I need to figure out how to wisely
distribute. I think that math is definitely going to be used for the rest of my career.
And I think that if I go to law school, and if I go out of [state, and] if I go to my
dream school for graduate school, I'm gonna have to figure out how to budget
paying off my student loans when I graduate, and figure out those APR interest
rates and just go. Yep, I just, I'm going to be using that for the rest of my life.
Brian was also able to see more value in mathematics instead of it being “strange”
unusable numbers. The exact type of problem he referred to in the first interview– rational
equations, was the basis for the nursing intervention task he completed later in the course. When
asked about that task directly he replied:
I kind of anticipated math was going to be important in nursing. It was interesting
learning, because that's not a way I had really thought a whole lot about. But as
soon as it was mentioned, I'm like, Well, yeah, that's probably how it works.
Generally speaking [the rational equation lesson concept] might be more
important to like an anesthesiologist. But still I mean, it's probably a good idea to
understand body weight and how fast a medication is going to be in a patient's
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body. You know, but I mean, if we're talking about like, like Advil and stuff, I
mean, that's still provided in the hospital, so. So I mean, definitely a good skill to
know and when I'm sure I'm gonna have to learn [it] in nursing school.
When asked how much of the math Brian learned in the course would be useful to him as
a future nurse, he was able to determine concrete practical examples of how it could be applied.
Brian reported:
Exactly. It's just, that's one of those things you really can just look at and be like,
okay, that's cool, what's the point? You know, but then when it's put into the
context of how it can actually be used, like, you know, going into nursing,
probably isn't going to be super practical to my, I mean, I'm sure there might be at
some point some applications to it. But, you know, like nursing, I can see how
things like conversions and ratios and things are gonna be big. Because in
medicine [the] metric system is kind of like primary. Like, especially when you
have the weight and you're like, Oh, wait, no, you're in kilograms, not pounds, I
have to redo this. So I make sure that I'm not administering too much of
something. Yeah, because, you know, like, nursing, the doctor is the one that will
prescribe something, but it's also kind of like the nurse to be like, that seems
really high.
Zander, one of the two student participants (Jared was the other) that always had
expressed a mathematical focus, could connect his appreciation of the discipline to his career
goals. He was able to see mathematics as part of his goal to become a landscape architect.
During the final interview he had a much better concept of the value math had for his future
pursuits:
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I've always had a large interest in plants. I've always been mathematically
oriented. I've always had a knack for putting things together... I love art, I love
nature, I love math and science. This just seemed like a perfect combination of all
three to where I'd be able to build whatever I wanted with some variations. I'd be
able to work with the world. Make what I wish and have it be admired by people.
I'm going [in]to landscape architecture and from there, plus [I could] possibly plot
the next greenhouse ecosystem…To figure out a way to both live in nature and to
make it work. I think math assists in understanding how you can find a certain
space… to work with it to put things in an area. You need to understand how
certain aspects work together. How it's going to look at a certain angle, how you
can build a tie without making it all fall down.
Zander also recounted the architecture CMM task and all of the elements involved in
determining how to design a walkway for a tennis court. Although he struggled to complete the
task, he displayed a lot of intuitive thinking when questioned about the design aspects involved
in the task during the final interview:
It was challenging. It certainly made me have to think but once I got one section
down, the numbers clicked into place much easier than I thought. I was thinking
of making the walkway out of concrete. [For the] reason I've always seen tennis
courts surrounded by concrete. And I never quite understood why, but it just looks
right in my head… You can always like surround [the court] by grass [instead].
So that way when the ball hits it, it won't bounce away as hard.
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Interest Post Intervention
The final interview evidenced further development of math identity in terms of interest
for the student participants. Instead of not liking the discipline, thinking it was boring, or only
appreciating the sequential formulaic nature of the content; student participants were able to
explain in detail what specifically they found interesting. These excerpts show that engagement
and motivation can provide the foundation for mathematics success. Whether the motivation and
engagement stemmed from comfort (Ava), connection to other passions (Zander), or aligned to
vocational pursuits (Brian and Shelly), each of these participants were able to explain what made
mathematics interesting for them.
Ava’s relationship with the discipline went from a source of pride in elementary and
middle school, to a non-important subject in high school, to a traumatic experience in her first
developmental course of college. Her motivation and interest level increased during this course,
because of her ability to succeed. She still has questions about her ability to succeed and the uses
for higher level math. Although she seems more open to the idea of more challenging math
courses. Ava reported:
I think it's [because] I had a good view of trauma, I think everyone should have to
go through the trauma of math. I think that [for me] it's a love-hate relationship. I
like Math, [it] is still my favorite subject, like my entire life usually. [Because] I
just like love, I'm very fast witted when I learn how to do something. So like, the
second I get comfortable, something, I'm like, boom, boom, boom, boom, boom,
boom! So math was so much fun, because it's like, all you had to do was just learn
how to do it. So then you knew that was it? There's nothing after that there is no,
there is literally nothing, there's no[t] even reading like every single responsibility
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in life. And I'm like, wow, if I just had to, like, learn to do it and do it with
nothing else. So I think that maths I understand, but I do also understand that, like
calc[ulous] four and calc[ulous] three and all those calcs I don't understand why
they exist. But also, I haven't, I haven't learned every single career yet.
Zander, the self-described Star Trek fanatic and science fiction fan, was able to find a lot
of interest in the final task. The task explained the history of the cartesian coordinate place and
then had student participants watch videos on how three-dimensional technology was being
advanced (creation of clothes, body parts, and firearms using three-dimensional printing
technology). Zander reported that these advancements related to his interest in science fiction
and he was more motivated and engaged:
I found them [the tasks] very interesting. I certainly did note it. It certainly
brought a lot more to my attention that math is involved in a lot more than I
thought… The 3D printing of common materials. The fact the more and more that
I watch and my favorite shows are like Star Trek, Star Wars, the ones far off in
the future toward technology…. Others have advanced to like this amazing level.
Star Trek in particular, because it just as a matter manipulator, you can create
anything and once we get to that point, what's the purpose of buying things if you
can just make it.
Brian was able to explain how the future math courses he will be required to take for his
nursing degree should be more motivating and engaging. As these courses will be aligned to his
vocational trajectory, he will be able to see the interest, making them more enjoyable. Brian
reported:
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Like, and it was hard for me to really enjoy my stats class in high school. Because
here in Vegas, a lot of the practice problems revolved around weighing the odds
and like a deck, like a hand of cards and stuff. Like, you know, I forget a lot of the
rules and the word or the terminology and stuff, but a lot of it I'm just like, I don't
really care about things like poker. So it's hard when it's not even related to things
I'm interested in, it gets really difficult too. So if it's [medical stats class] one that
is actually like, focusing on science and like medicine, I'm like this will be I think
it'll be one and when it's actually something I'm interested in whether or not I'm
easily understanding it. That will be a huge difference…But going into the
assumption that [the class is] going to be related to medicine, because I know it's
not just nursing students [who] have to take the class, but going under the
assumption that it is going to be medical related. It'll definitely be much more
interesting for me and engaging, like, I have a much easier time just focusing. Just
focusing on the work at hand as well, whether or not you know, and it'll be easier
for me to force myself to try to figure it out.
Shelly was able to find the history portion of the tasks interesting, and she went on to
explain how the teaching practice to use the origin of a topic is useful for explaining lifesaving
concepts in her CPR class. She was able to relate using history to teach mathematics to good
teaching in general. Shelly reported:
I thought it was interesting. You know, the histories are the little background parts
that you put in the task[s] was actually interesting. It gave a little bit more
dynamics to math… I mean, when I'm teaching CPR, I give my students history
and they tell me that helps them remember things, give them you know,
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background on it, or, like, in my case, I explained the physiology of why such and
such happens as they bleed. Why did they pass out? This is how you remember to
fix it. For you… you gave us history… of the first two tasks and I was like, Oh,
that's interesting. Oh, I kind of remember that. And, it helps connect the lesson.
And my students have always said that has [helped them] multiple times. So
they'll come back and say, You know what, that's how I remembered it. You told
us this X, Y, and Z went with, you know, ABC. And now I can remember, you
know, in an emergency, I remember why that works that way.
Each component of math identity (self-concept, value, and interest) became more
developed as students had the opportunity to reflect on its impact on their lives inside and outside
of the course context. The identity development was aided by targeted interventions that were
designed to promote mathematical achievement and identity formation of student participants in
tandem. The results were consistent across student participants from varied ages, genders, races,
and other demographic information. When post-secondary developmental students are provided
with course components with avenues to develop their math identities, they are given the chance
to increase them.
Convergent Exploratory Results
The quantitative and qualitative data was compared and combined using a convergent
parallel design (Creswell & Plano Clark, 2018). Validation of concurrent themes provided a
more complete understanding of student participant development of mathematical identity and
math achievement after exposure to the intervention. The merging of the data through this
convergent exploratory approach provided more insight into the complex nature of math identity
development than either qualitative or quantitative data alone (Creswell & Plano Clark, 2018).
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The different, but complementary data on the same topic provided a better understanding and
more detailed account of the phenomenon with corroboration of concepts and themes (Morse,
1991).
To bridge the data from the qualitative and quantitative sources a four stage pillar
integration process (PIP) model was incorporated, as seen below in Figure 4 (Johnson, Grove, &
Clarke, 2019). For the quantitative data, each potentially impactful data source was listed on one
side of the chart. This data included average final test scores, passing rates, Math Identity Survey
(MIS) results, and the outcome of the statistical analyses (t-tests, multiple regression, and simple
linear regression) that were conducted. After listing the results, the researcher identified the most
salient pieces and created a Quantitative Key Component pillar. For the qualitative data, the key
quotations from before the interventions (first interview), during the interventions (second
interview and task reflections), and post interventions (final interview and written responses
from second MIS survey) were listed on the other end of the chart. From these responses the
most salient ideas were displayed from the interviews, the task reflections and the QDA data
miner to create the pillar of Qualitative Key Components.
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Figure 4: Integration Analysis Using Four Stage Pillar Integration Process (PIP).

Once these key components were listed, Quantitative and Qualitative Categories were
devised containing specific concepts that were created from both ends of the model. Each
element of the categories was matched against one another, and then checked. From combining
the results across both data sets, the researcher was able to make substantiated claims of two
themes that were discovered based on the results.
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The integration process utilized comparisons of codes and themes that generated
inferences to be applied to the study results (Creswell & Plano Clark, 2018). The process yielded
concurrent themes of developed math identity across the quantitative and qualitative measures,
as well as academic achievement in actual scores and belief in ability. The chronological
multicultural mathematics (CMM) framework and the interview protocols were beneficial
interventions on student participants’ math identity development and academic achievement in
the developmental math courses. The convergent exploratory results yielded significant changes
in student participants’ math identity across self-concept, value, and interest; as well as positive
academic performance for a group of participants that were unsuccessful in mathematics
previously. All pertinent quantitative results from SPSS 26 analyses are listed above, as well as
key components of Math Identity Survey (MIS) survey results and academic performance.
Composite math identity scores were able to significantly predict students’ academic
achievement. Although the MIS survey results did not produce significant changes after the
implementation of the intervention for self-concept, value, and interest components separately;
the self-reported means of each component increased for students. The qualitative data was
divided chronologically in terms of prior to the intervention, during the intervention, and after
the intervention, as well as broken down by each component of math identity. These qualitative
results validated the quantitative categories, as student participants’ math identity components
increased, as well as their confidence in their academic achievement ability. Taken together, the
convergent results are fruitful for continued experimentation and research into chronological,
multicultural, identity building reforms for post-secondary developmental mathematics
education.
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Confirmation and Extension of Past Research Themes
The convergent exploratory results confirm previous results of the Abah (2017) and Ho
(2008) studies which reported that reforms utilizing historical based supplements to collegiate
curricula are able to foster student identity development and are beneficial to student math
achievement. While the previous studies utilized solely qualitative methodology to arrive at these
conclusions through journaling, interviews, and observations, this study was able to extend the
qualitative data to include quantitative student grades, numerical values of confidence in
reflections, and self-reported values based on a revised version of the empirically tested Math
Identity Survey (MIS) (Crossley et al., 2018, 2020). The results for the development of
mathematical identity and academic achievement utilizing historical based reforms were also
confirmed with a novel population. In the past, historical based reforms to mathematics have
been shown to be effective to promote student achievement across K-12 learning (Clark et al.,
2016; Fauvel & Maanen, 2000; Jankvist, 2009; Siu, 2000; Tzanakis & Arcavi, 2000) and in
collegiate settings (Abah, 2017; Fenaroli et al., 2014; Furinghetti & Paola, 2003). Student
participants enrolled in developmental post-secondary math courses were able to achieve
academically utilizing these reforms and their increased math identity was able to fuel academic
growth.
The components of mathematics identity as compiled and evaluated by Crossley et al.
(2018; 2020) were tested and confirmed throughout this study. While their specific definitions
were not included to allow for participants to come to their own conclusions about each
component; the outcomes from the revised Math Identity Survey (MIS) for collegians, the
reflections, and the interview tasks all resulted in mathematical identity development. The results
from this study that break down math identity development into components of self-concept,
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value, and interest are also appropriate for post-secondary students. Students enrolled in postsecondary developmental courses can also have positive dynamic shifts in their math identity, as
previously described for other college students (Larnell, 2016; Howard and Whitaker 2011;
Sfard 2012). In addition, the revised MIS survey itself can be utilized for future research focused
on math identity development for post-secondary populations.
Chapter Six Summary
Chapter Six was able to provide substantial validation that student participants enrolled in
post-secondary developmental math courses were able to achieve academically and develop
positive mathematical identity after being exposed to a chronological multicultural mathematics
(CMM) framework. The convergent exploratory analysis combined concurrent themes of math
identity development and academic achievement from disparate quantitative and qualitative
sources. Each component was listed, matched, and checked to develop the overarching themes.
Chapter six also extended the current state of post-secondary developmental math reforms, as
well as math identity development through converging the two fields in one study. As math
identity development using historical supplements to curricula was never applied to a postsecondary developmental math population in the past, the results show promise for future
implementation of curricular reforms. Post-secondary developmental math education that focuses
on context, humanization, rigor, and creativity/critical thinking can provide avenues for math
identity development and further math achievement for this vulnerable population.
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CHAPTER SEVEN: CONCLUSIONS AND RECOMMENDATIONS
FOR FUTURE RESEARCH
This study attempted to answer the research question: To what extent does the
implementation of a chronological multicultural mathematics (CMM) framework assist students’
math identity development and math achievement in a developmental college course? The results
revealed that providing students enrolled in post-secondary developmental math courses with
supplements to their curriculum that provide context, humanization, rigor, and creativity/critical
thinking through a chronological multicultural mathematics (CMM) framework is effective in
producing academic achievement and math identity development. Students were enrolled into
developmental courses, because of low math ability (standardized testing, placement tests,
previously failing the course) and had low self-concept, value, and interest in the discipline.
However, the targeted interventions (designed to connect to student participants’ potential majors
of graphic design, nursing, architecture, etc.) were able to germinate interest, utility/value, and
humanize the concepts being taught. In addition, reflections and discussions of their interaction
with the course by the demographically diverse participants helped enable students to formulate
a more developed math identity. As students experienced academic success in their mathematics
courses, their math identities changed in tandem, and became more developed.
Relationship to the Field of Reforms of Post-secondary Developmental Mathematics
The outcomes of this study further the reform efforts of developmental mathematics
courses that is one of the most highly failed (75.4%) post-secondary courses, in which
enrollment alone drops the student’s chances of graduation and earning a diploma to less than 1
out of 5 (Bahr, 2008). The meta-analyses and literature reviews were able to determine that
context, humanization, rigor, and creativity/critical thinking are the hallmarks of successive

171

reforms to post-secondary developmental courses (Bonham & Boylan, 2012; Levin & Calcagno,
2008; Hodara, 2013; Radford et al., 2012). Whether it was curriculum changes, teaching
strategies, structural reforms, interventions, or supplemental services; these elements of reforms
produced positive outcomes for student math achievement (Bonham & Boylan, 2012; Levin &
Calcagno, 2008; Hodara, 2013; Radford et al., 2012). The CMM intervention tasks were based
on the tenets of context, humanization, rigor, and creativity/critical thinking. Each CMM task
provided an authentic, relatable, application problem in which the content can be applied, or
explanation of different fields in which the content is currently used (context); insight into the
people and cultures that created the content, or the professionals that utilize the mathematical
content in their fields (humanization), had increasingly difficult depth of knowledge questions
that required synthesis of disparate content, problem creation, utilizing actual values, and
required precision for solving (rigor); and components of critical thinking, alternative uses for
formulas, future reasoning, modeling activities, and different mediums to present content or
signify understanding (creativity/critical thinking).
Through the qualitative data, the student participants were able to share how each of
these core aspects of the intervention tasks were useful to the development of their math identity.
Student participants were able to draw connections of how the context of CMM tasks directly
increased their sense of value of the discipline: “Understanding the history of the subject helps to
apply the lesson in everyday tasks.”
“The history of how early humans used exponents in math helped to understand how they are
used today.”
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Context was also beneficial in building math identity, by being able to increase interest for
student participants: “I learned interesting things I did not know before like how linear algebra is
used in computer graphics!”
“For a very quick little history of a topic that many people may find uninteresting it was stated in
a very clear manner. What I mean is that I didn't find the mini-lecture dull. I learned a lot of
really cool information. I think the topics were also presented well by using contemporary things
that many of us use in our day to day lives like video games.”
“I really liked how it was related to soccer.”
“I was unaware at how many applications [in which] exponents are used. It makes sense though
when talking about things like viral marketing and geology.”
Learning from the CMM tasks about the different individuals and cultures that developed
the mathematical content or about the professionals that actively use it in their fields was able to
humanize the mathematics for student participants. Specifically the Factoring task (Appendix J),
composed of a podcast in which an architect explained his personal history in regards to
mathematics, evoked self-concept development and interest for student participants. Participants
belief in their ability to achieve professionally even despite challenging math courses was
evident: “This task motivates you in the sense that math is and can be challenging but don't let it
discourage you from your dream, if your dream is to be an architect, try it, don't let the math
defeat you.”
“I used to want to be an architect and I really enjoyed reading and listening to the recording. It
wasn't so much the standard math they shied me away from the idea. It was more about the
physics that scared me. It was interesting to hear that you don't have to be a math Brainiac to be
able to be an architect.”
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Rigor was evident across the CMM tasks. Fifteen out of the twenty-nine (51.72%)
reflection tasks contained self-reports where students were able to fully complete the CMM
activities, which was confirmed by work submissions. The remaining participants reported
somewhat or unsuccessful completion, and four participants directly commented on the high
difficulty level of the task activities. However, the rigor of the intervention tasks was able to
promote positive identity development for participants. The difficulty of the content was found to
produce increased interest in participants: “I really enjoyed the history of how modern exponents
were developed. I'm still not entirely sure I understand the numbering system of ancient Babylon
but I did think it was very interesting that they kind of just said "eh" when they didn't know what
to do with the number zero.” Another participant echoed this sentiment of rigor producing
increased interest in the content: “The practical application was very interesting, but the
problems themselves felt like they were geared towards much higher math levels”. The rigor also
provided an increase in value for participants: “Learning about the harmonic formula. Initially it
was kind of confusing but after figuring it out, I can actually see how the principles of it can
apply to a lot of things.”
Alterations in the way material was presented in tasks (reading, videos, podcasts,
images), discussing different fields for content usage, and contrasting question types signified
elements of tasks designed to promote creativity/critical thinking for student participants. Student
participants commented directly on these critical thinking/creative components and their ability
to foster development in math identity and math achievement. Specifically the technological
innovations, alternative uses of content, and a future oriented approach signified an increased
interest in the content and value of mathematics for students: “All around I really like this task. I
like that there was a little bit of choice involved with this one, but it also allowed for a broader
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development of how this technology can be used. Some of these applications are things one
might be completely unaware of because it's a field they don't focus on.”
“This task was interesting because it really informs you how far technology has come thanks to
math”
“I really enjoyed reading about the future applications to nursing as I am studying to be a nurse. I
wasn't aware of the ability to 3D print organic material. As a future nurse this is probably an
important thing to be aware of.”
Out of the eight CMM tasks, six utilized variations across types of problems (creation, word
problems, applications, synthesis, modeling, etc.) within the same task for students to complete.
The activity problems, varying in the usage and application of the content was also able to garner
interest for the students:
“I enjoyed the variety of the sample problems. The first one felt open ended then the others relied
on the harmonic formula. The use of the formula though was engaging though, you had to use it
forward and backward and I enjoyed that.
“It was interesting, because It covered different topics not just as single type of equation”
The chronological multicultural mathematics (CMM) framework utilized as the
intervention for this study was designed based on these elements to provide authentic
experiences to instill a student’s place within the discipline through meaningful connections.
Student participants were able to experience supplements to their developmental curriculum that
challenged them, revealed importance and utility, and were relevant. Not rote, formulaic
learning but infusing an eidetic experience.
The results of this study further the importance of adding to the current mathematics
developmental curriculum by including elements of context, humanization, rigor, and
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creativity/critical thinking. Adding these elements to the objectives of developmental courses can
shift the perspective and provide motivation. Post-secondary developmental math courses
without these elements can mirror high school courses that produce anxiety for students and
further inhibits effort by not resulting in earning collegiate credit (Beneken et al., 2015; Howard
& Whitaker, 2011; Larnell, 2013, 2016). This current study using CMM reforms not only
resulted in higher pass rates (although short-term), but developed a positive experience with the
discipline.
There are many practical implications for the implementation of the CMM framework
into post-secondary developmental math courses, as well as other math courses. During
curricula, unit, or lesson planning; instructors can focus on three components (past, present, and
future) of each content standard. Building in historical references from the past about the
creation of the content (context), having guest speakers that currently utilize the content
(humanization), and devising activities that enable students to see future and alternative uses for
the content standards (creativity/critical thinking). While it may be difficult to incorporate the
past, present, and future of each content standard, providing deeper understanding or by utilizing
actual values and realistic situations (rigor) can engender motivation and engagement from
students.
Other options to incorporate the CMM framework into classes, can stem from providing
students with the opportunity to reflect on their own math development. Autobiographical math
histories; peer-interviews on past math performance and future goals; and metacognitive,
reflective assignments given after exams can help promote positive math identity development.
Altering math courses in general to provide external elements about either the past, present,
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future (or some combination of them), while ensuring challenging discourse can foster math
achievement and positive identity development in tandem.

Relationship to the Field of Mathematics Identity
Mathematics identity has been shown to be a dynamic construct that has the ability to
affect students’ effort and achievement in the classroom (Larnell, 2013, 2016, 2017; Martin
2007; Sfard, 1995, 2012). Students’ perception of their ability (self-concept), the usefulness of
the content (value), and their engagement with the material (interest) combine to formulate the
mutable narrative of math identity (Crossley et al., 2018, 2020). By changing students’ thinking,
a fundamental shift can occur to viewing themselves as competent and capable, while increasing
interest and value (Crossley et al., 2018, 2020; Howard & Whitaker, 2011). Changing students'
perception of what mathematics is, how it can be used, how it is related to their lives, can foster a
new narrative to persevere through challenging post-secondary material. This study showed that
mathematics identity can change for students enrolled in post-secondary developmental courses.
By altering formerly rote practice and skill development courses to include identity development
activities and providing time and activities to reflect can germinate the engagement and
motivation for effective learning of the material (Grubb, 2011).
In addition, the interview technique of Phenomenological Variant of Ecological Systems
Theory (PVEST) developed by Spencer (2011) and utilized by McGee and Bentley (2017);
McGee and Martin; (2011) and McGee and Pearman (2014) was able to be applied to a novel
population of post-secondary developmental math students. The chronological interview
approach, broken down into three sittings (past, present, and future), was able to detect and help
foster significant changes in participants’ math identity. The reflection by focusing on three
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different time eras, given at three different points of the study, was able to illuminate math
identity development for these participants. Future math identity studies can incorporate this
interview structure to uncover rich detail into participants' past, present, and future relationship
to the discipline and monitor changes over time.
Significant Findings
The most significant findings were (1) the high pass rates of students (88.89%), (2) the
simple linear regression results that composite final math identity scores were significant in
predicting math achievement of student participants, and through detailed accounts (3) students’
self-concept, interest, and value developed throughout the interview process. With all of these
participants previously failing the course, unable to pass the placement exam, or having a history
of low math achievement; having eight of the nine participants pass the course was encouraging.
In addition to passing the course, the more developed the student participants’ math identity
score (based on a composite MIS survey results), which was taken at the follow up interview,
predicted higher math achievement scores. This significant finding reveals that math identity
development has a link to math achievement, and through developing math identity a student is
more likely to achieve mathematically.
These findings build off of previous research of expectancy value, in which identifying or
believing one can achieve is linked to achievement in that field (Eccles & Wigfield, 2002); and
growth mindset theory, in which intelligence is a flexible construct and students are able to
achieve in mathematics through hard work (Dweck, 2006). Identity is recognized as a “dominant
and determining aspect in learning mathematics” (Fellus, 2019, pg. 445). At all levels of
mathematics, identity development has been in concert with math achievement. In elementary
school, higher math self-concept (belief about the self, or how I identify with math) was
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significantly predictive of math achievement, while accounting for gender-stereotype variables
(Cveneck, Kapur, & Meltzoff, 2015). In middle school, mathematical interest identity composed
of self-efficacy and a composite of usefulness and interest were significantly able to produce
mathematical achievement (Middleton, 2013). In middle and high school, interest has been able
to significantly predict course selection, and from enrollment in these courses, higher
achievement was predicted in 7th, 10th, and 12th grade (Köller, Baumert, & Schnabel, 2001).
In high school mathematics courses, interest in math and perceived usefulness of
schooling were measured as part of affective engagement (along with cognitive openness,
perseverance, participation in learning activities, and math behaviors) (Fung et al., 2018). Higher
accounts of cognitive engagement (interest and perceived usefulness) were significantly related
to math achievement, outweighing mathematical behaviors (Fung et al., 2018). Students’ greater
identification and ability to think about math across multiple levels, produced higher grades.
Longitudinal studies, from 8th to 12th grade found math self-concept able to significantly predict
positive math outcomes (Marsh & Yeung, 1998). In middle school, teaching about growth
mindset and changing students' math identity was able to predict more motivation and higher
math scores compared to controls (Blackwell, Trześniewski, & Dweck, 2007). At the college
level, STEM identity development (recognizing one’s self as a scientist) and STEM motivation
(competence and value beliefs) has been able to predict higher grades in introductory collegiate
science courses (Starr et al., 2020).
Except for the Starr et al. (2020) and the Blackwell et al. (2007) studies, none of the other
studies referenced above attempted to germinate increased mathematics identity in participants
and then assess mathematical achievement. As mathematics is a dynamic, mutable construct
(Butuner and Baki, 2020; Ho, 2008; Howard & Whitaker, 2011; Larnell, 2016; Sfard, 1995); it is
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appropriate to provide intervention efforts to develop this construct within the context of a
classroom environment to produce math achievement. The shifting of math identity can be done
in a number of ways as explored by Howard and Whittiker (2011) referenced above in journaling
meaningful moments and by Kawakami et al. (2008) joystick approach. In Kwakami et al.
(2008) study, undergraduate women were trained to increase initially weak, implicit math
concepts by pulling a joystick towards themselves. The physical act was a training exercise to
approach math as opposed to avoiding it, while listing math educational goals. After being
trained to identify with mathematics, undergraduate women who initially had weak math selfconcepts and were avoidant of mathematics, increased their identification with the discipline.
And although the training did not influence the performance on math tests for this group, they
attempted more math test items than women who were neutral or had high mathematics
identification (Kawakami et al., 2008).
The prior research has found that developing math identity has been able to produce
academic success. The results of the dissertation study can be the basis for including identity
development into math objectives for developmental post-secondary classes. The researcher
recommends that educators provide introductory activities aligned to the tenets of CMM tasks,
with reflection elements for students in an effort to build their math identity and math
achievement in tandem. These CMM tasks are aligned to the objectives of developmental postsecondary courses and can be directly implemented or modified to best suit instructors’ needs.
Such materials with accompanying reflections, can be incorporated into curricula. If the tasks
themselves are not able to be implemented due to time constraints, instructors can provide the
reflection tasks to help students metacognitively track their learning, get invaluable feedback for
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the activities that students complete, and are imperative tools for students enrolled in
developmental courses to develop their own math identity.
In order to successfully be able to incorporate the CMM tasks into the curricula,
instructors should initially read about the three components of the CMM framework (past,
present, and future) and the four elements in which the tasks were designed to promote (context,
humanization, rigor, critical thinking/creativity). Understanding the purpose and development for
the framework, ensures that the instruction or directions of the tasks are aligned to its
overarching goals of math identity development and math achievement. Instructors do not need
an expansive knowledge of historical mathematics (HM) or multicultural education (ME) to
implement these resources. However, the tenets of HM and ME are equitable teaching practices
that all instructors should promote and align to. The CMM framework was designed to be a
pedagogical approach to provide immersive, inclusive, interdisciplinary, and rigorous math
content. The CMM tasks themselves are designed to provide instructors of post-secondary
developmental courses with supplements to their curriculum to inspire students to pursue STEM
majors and vocations; while providing grounding into the history, current uses, garnering
interests, and future applications of the content. The results of this study provide the evidence
and reasoning necessary to instructors and department heads to allocate time and assignments to
help students to develop math identity.
The other significant findings included the drastic shifts in how students were able to
describe their math identities across the components of self-concept, value, and interest
throughout the study. The stark changes from “why would I ever need this”, “I am not capable”,
and “I am so scared to do math” at the beginning of the study to “I’m going to be using this for
the rest of my life”, “I am competent, I could say I am better than some”, and “helped me regain
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confidence for not taking a math class in 17 years” signified the growth in identity development
for the student participants. These positive contrasts were aided by their high marks in the
course, the tasks and reflections that were designed to promote the development, and students
given the time and safe space to process their thoughts and feelings of their math identities. The
one student participant, Amit, who was unsuccessful in passing the course commented about his
renewed interest in the subject matter, confidence on the homework assignments, and stated that
he now “actually liked math”.
The implications of such a shift in identity development goes beyond the specific developmental
courses, in which the study took place. Student participants not only were able to achieve high
marks and pass the courses, but are more likely to persist down their academic tracks as math is
no longer an obstacle to accomplishing their academic and vocational goals. While the in depth
interviewing is not feasible for typical post-secondary courses, regular classes can also benefit
from structuring courses and activities that contain objectives for developing math identities.
Explaining to students or providing reading about what math identity is, and how it can be
developed is one avenue to build metacognition. Instructors can task students to write an
autobiography about their past, present, and future math chronology. Instructors can task
students to interview a peer about their math chronology, or chronologically interview a
professional in a field of interest that uses mathematics, and reflect on how similar or different
their math history is from that of the students. Instructors can task students with a project, a
modification of Lingard (2000), in which students have to complete research in the field of their
choosing and discover how mathematics contributed to its development, current articles in which
mathematics is represented, and ways in which the student can see mathematics providing
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innovations in the future of the field. Any one of these activities or others like it, could create
meaningful identity development for students, while accounting for time constraints.
Recommendations for Math Educators
While providing the three in-depth interviews was a large component in helping student
participants develop positive math identity across self-concept, value, and interest components;
the time required for such interventions would not be feasible for most post-secondary
developmental math classes. Math educators can provide a safe setting to develop positive math
identities through having students first draft math autobiographies of their past experiences,
during the first week of the course. During the middle of the course, students would refer to their
initial autobiography and write a revised version of their present math identity across varying
components. Then during the last week of the course, students can be tasked once again to write
about their future goals related to mathematics, and reflect on any changes or development to
their view of themselves as a doer of mathematics. This reflection can provide the impetus for
changing what is done in a math class, and the writing component would force students to
rethink their place within the discipline.
Another option is to have students interview their peers. This process would begin by
having students write their own math autobiographies about their past, present, and future view
of themselves as doers of mathematics. Students would interview their peers using the same
prompts from the semi-structured interviews (Appendix B) and compare and contrast the results
to their own conceptions of mathematics identity. Hearing about their peers' past, present, and
future development can provide students with motivation through camaraderie and empathy to
persevere through difficult concepts. In addition, hearing from a peer about past math struggles
can normalize the experience and help students to determine that there may be external factors
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(the course design, the material, the teacher, etc.) that could have contributed to their previous
math struggles. Students of this research study claimed that their math difficulties came from
their inability to grasp the concepts (Ava, Mary, Amit, Shelly). However, these internal beliefs of
low self-concept may have a myriad of other causes.
A third option would be to have students interview a professional of their desired future
career or major about his or her math identity. This project would also begin by having students
write their own math autobiography, as in the peer interview project. After determining their
personal views of the past, present, and future experiences with mathematics, the students would
be tasked with interviewing the professional about their specific math journey. Questions would
revolve around how relevant or connected is math to their current vocation, what is the
professional's background or ability in math, how much interest do they have in math in the past
or now, and how the professional sees math shaping the future of their field. Having a first hand
account of someone in their desired profession would humanize the content, provide an authentic
context for how math is used in the current field, and reify the importance of the discipline.
Students would then compare and contrast the math identity of the professional to their own past,
present, and future view of themselves as doers of mathematics.
Math identity has the ability to be altered in positive or negative ways depending on a
students’ experience while doing, thinking about, or involved in a math class setting. This
dynamic nature can be capitalized by educators. After hearing participants recount poor math
experiences stunting students’ drives and motivations, the researcher is emboldened to have math
educators realize their power to enact change. By providing a novel experience, in which
students can not only see the math in context, but also having the opportunity to reflect on their
own or others’ personal mathematical journey can provide the impetus for a meaningful moment
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of growth and development. By providing homework activities or projects that do not take up
class time, but are targeted to help students reflect on their own mathematical identity, positive
growth can be developed.
Assumptions and Limitations
Limitations included the small sample size of the study, directly questioning student
participants about the variable, and a potential confounding variable of maturity/experience that
was discussed during the interviews. Due to COVID-19, six of the original eight sections
planned for Math 95 and Math 96 summer courses were canceled due to low enrollment. This
also forced both of the two remaining course sections of Math 95 and Math 96 to be held
virtually instead of in person. For many students this was their first online math class which
could have mitigated the results. However, the researcher was able to get instructors of both
courses to be part of the study and able to recruit nine of the potential 37 enrolled students to
take part in the study. The low sample size could have contributed to the non-significant results
for the paired samples t-tests for each Math Identity Survey (MIS) pre and post intervention.
While self-concept, value, and interest each had average increases for participants, this was not a
significant finding.
Student participants may have understood the research questions of the study through
directly being asked to reflect on their math identity components. Asking directly about these
questions could have fostered the development itself. However, the tenets of multicultural
education require reflection for development and understanding (Banks, 2009; Gay 2018;
Ladson-Bilings, 2014; Paris, 2012). The questions and reflections were part of the interventions.
Providing students with a safe space to grow their math identity was an important component of
the study.
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However, another side of this limitation stems from potential participant bias. Participant
bias could have emerged from the propensity to act as good participants to aid the researcher in
achieving these aims. The researcher disagrees with participant bias due to the length of the three
interviews per participant and the immense detail shared about the chronologically based
mathematical autobiographies of the student participants. Many of the interviews spanned over
an hour and a half, as students detailed their past, present, and future experiences with the
discipline. Providing that much content seems incongruent with a participant telling the
researcher what he or she thinks the researcher wants to hear.
A potential confounding variable became evident while reviewing all of the qualitative
interview data. The potential fourth theme characterized by maturity/experience was present
across four of the participants (Ava, Jared, Brian, and Shelly). Maturity/experience in this setting
is defined by a student participant’s ability to act as a professional or adult within the collegiate
context. These student participants “took the course seriously” and did not view themselves as
typical first year college students. They had either failed the course previously as a first-year
student (Ava), were changing their major (Jared), or were in the process of going back to school
after an absence (Brian and Shelly). These students valued their professionalism, as students,
which may be the reason why they volunteered to take part in the study and accounted for four
out of the nine total participants. The potential confounding assumption is that these students are
divergent from typical students enrolled in post-secondary remedial math courses.
The maturity/experience theme was first exemplified by Ava. When she recounted why
this time taking Math 96 was starkly different throughout her responses, she referenced that she
is now “grown up”. She currently has a meaningful job at a counseling center, has goals of
higher education, and accomplished a desire of being part of the student government. She stated
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that she would be unable to recognize herself from only a year and a half ago. Ava recounted that
her popularity, her friends, and her physical looks (making sure her hair, makeup, and nails were
done) were the most important during that time. However, during this attempt at Math 96, Ava
was focused on her grades, understanding the concepts, and future academic and vocational
pursuits. This contrast of valuation contributed to her drive and changes in academic behaviors,
as well as overall scholastic mindset.
Jared, already being exposed to post-secondary school, was currently enrolled at the same
University with experience taking collegiate classes and online courses. The Math 96 course he
took was not his first experience with math at the collegiate level, but he was still unable to pass
the placement test to take the specific math he needed for his new major. Jared’s comfortability
and experience with college and his professional attitude, helped him to secure an A in the
course. Taking the course seriously, was echoed by Brian and Shelly. These older students, aged
thirty and forty-five respectively, already had experience with taking college mathematics
courses, although they have not been in school for some time and had novel career aspirations.
Both recounted past histories of struggling in math courses. However, these students had
solidified vocational goals (which can be contrasted with typical first year college students) and
took the course seriously receiving high test scores and overall A’s.
While the idea of maturity/experience had the potential to confound the results, the other
five of the nine participants either were first attempts or second attempts from previous
semesters. These younger students had typical first year college experiences and resembled the
population currently enrolled in post-secondary college students. Future studies should make
efforts to account for this potential variable by evaluating students in post-secondary
developmental courses by age, number of course attempts, professionalism in class, and
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solidified goals to parcel out the potential effects of maturity/experience on math identity
development and math achievement.
Further Research
Additional studies should be attempted due to the promising results of this dissertation. A
mixed methods experiment of multiple sections comparing CMM framework interventions to
control post-secondary developmental courses can reveal the viability of such a curricular
approach. A mixed methods experiment with larger samples can determine if the CMM
framework can produce significant gains in math identity and math achievement compared to
control classes. These experiments should also test for maturity/experience, to ensure that this is
not a confounding variable. Potential significant outcomes of future research can push
department heads and educators to modify the objectives and teaching strategies of postsecondary developmental math courses to include elements of the CMM framework.
Chapter Seven Summary
The conclusion chapter was able to highlight significant findings; explore limitations,
assumptions, and their counters; explain the implications to the field; and propose future
research. The study shows promise in its ability to explain the utility of altering current postsecondary developmental math curricula. By incorporating chronological multicultural
mathematics (CMM) interventions based on rigor, humanization, critical thinking/creativity, and
context; students will be able to be more equipped with succeeding mathematically while
developing a positive math identity. However, the sample size, participant bias, and a potentially
confounding variable of maturity/experience could have skewed the results. More research is
needed to parcel out a complex construct of mathematics identity of post-secondary
developmental students. The findings of high pass rates, changes in mindsets, and significant
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prediction of achievement based on math identity development are enough to move forward with
this concept into more comprehensive research. With the goals of better pass rates and more
math focused individuals, implementing more efficacious materials and relevant course
components can be championed.
Dissertation Summary
The research contained in this dissertation underscores a goal of creating a better math
curriculum to not only get students to pass developmental math courses, but be open to academic
and career trajectories that involve mathematics. Beyond making the mathematics more
approachable and understandable, the purpose was to change student’s mindsets of how they see
themselves as doers of mathematics while increasing its value and overall interest. Incorporating
authentic experiences with numeric skills-based assignments can take mathematics education out
of a purely abstract realm by means of the implementation of a chronologically based
multicultural curriculum, in which students could experience rigor, humanization, critical
thinking/creativity, and context. The students enrolled in these classes begin with low math
identity and limited skill sets. Educators should not lower their standards, but provide the rigor
and rich content to engage students and explain to them the future possibilities of exceeding in
the discipline.
Although this sample size was small and many of the analyses run through SPSS 26 did
not reveal significant responses; eight out of the nine students that volunteered as participants
passed the course, the overall mean for each component of math identity increased, and a
composite score of math identity was able to predict math achievement. In addition, the breadth
and depth of student responses about their own personal math identity increased across each
component (self-concept, value, and interest). Utilizing this framework had positive effects on
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the participants, and each was able to share their growth verbally and/or with their math
achievement. The researcher is looking forward to future studies and curricular planning
meetings to implement chronological multicultural mathematics to promote achievement and
identity development for more students.
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APPENDIX A
Math Identity Survey
Revised Math Identity Survey Before Intervention
This 12-question form is designed to discern your preferences of the discipline.
Name: __________________________
Race: _______________________
Gender: ______________________
Course Section: _________________
Self-Concept
1.
How are you doing in math currently?
Bad
Not good
Average
Good
Great
2. Are you better at math than most of the other college students in this course?
Not as good
Almost as good
Equal to
A little better
A lot better
3. I have always been good at math
Very false
Somewhat false
Neither false nor true Mostly true
Very true
4. I see myself as a mathematician?
Not at all
0
1
2
3
4
Fully
Interest
5. Math is one of the most important subjects to me.
Not at all important Not that important
Somewhat Important Important Very Important
6. I find working on math assignments
Boring Somewhat boring Neither Boring nor interesting Somewhat Interesting Very
Interesting
7. Compared to Other Courses, how much do you like math?
Much less
A little less Neither less/nor more A little more
A lot more
8. How relevant is math content to your interests outside of school?
Not Related
0
1
2
3
4
Highly Related
Value
9. How important is it to you to get good grades in a math course?
Not at all important Not that important Somewhat
Important
10. Doing well in math is important to me.
Not at all important Not that important Somewhat
Important
11. It is important to me to be able to solve math problems
Not at all important Not that important Somewhat
Important
12. If I practice, I can change how good I am at math
Not changeable 0 1 2
3 4 Very changeable

191

Very Important
Very Important
Very Important

APPENDIX A CONT.
Math Identity Survey
Revised Math Identity Survey After Intervention
Self-Concept
1. How are you doing in math currently?
Bad
Not good
Average
Good
Great
2. Are you better at math than most of the other college students in this course?
Not as good
Almost as good
Equal to
A little better
A lot better
3. I have always been good at math
Very false
Somewhat false
Neither false nor true Mostly true
Very true
4. I see myself as a mathematician?
Not at all
0
1
2
3
4
Fully
Interest
5. Math is one of the most important subjects to me.
Not at all important Not that important
Somewhat important Important Very important
6. I find working on math assignments
Boring Somewhat boring Neither boring nor interesting Somewhat interesting Very interesting
7. Compared to Other Courses, how much do you like math?
Much less
A little less Neither less/nor more A little more
A lot more
8. How relevant is math content to your interests outside of school?
Not Related
0
1
2
3
4
Highly Related
Value
9. How important is it to you to get good grades in a math course?
Not at all important Not that important Somewhat
Important
10. Doing well in math is important to me.
Not at all important Not that important Somewhat
Important
11. It is important to me to be able to solve math problems
Not at all important Not that important Somewhat
Important
12. If I practice, I can change how good I am at math
Not at all important Not that important Somewhat
Important

Very Important
Very Important
Very Important
Very Important

Class
13. How have the elements of this class impacted your math achievement (ability to pass)?
14. How has this class impacted your mathematical identity (my sense of ability, sense of
value, and interest)?
15. How do you believe your racial and/or gender identity influences your math
achievement?
16. How do you believe that your racial and/or gender identity influences your math identity?
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APPENDIX B
Interview Guidelines
Interview One: The Past
Student Initials:
Age:
Gender:
Race:
Course Section:
This is an interview about the story of your life, in particular as it relates to your past and current
mathematics experiences. I am asking you to play the role of storyteller about your life—to
construct the story of your own perspective. The first interview today is to recount your past
mathematics experiences. If you have any questions, want me to repeat anything, or would like
to skip any questions during the interview, that is your choice. I may take some notes throughout
the interview or ask follow up questions. This interview will be recorded for analysis purposes
only. It will only be seen by myself for coding, transcribing, and checking before being deleted.
Do you have any questions before we start?
What are your earliest memories of doing mathematics?
Who was your favorite math teacher, why?
What did your peers or family members think about math while growing up?
How, if at all, was math discussed in your home?
What was math like at your high school?
In what ways were you encouraged/discouraged in mathematics?
What is your perception of math as a subject?
How would you rate yourself as a doer of mathematics?
What value does math hold in your life? How useful is math?
How useful is math in school and in your life outside of school?
What interests you about mathematics? Do you find the subject interesting?
How has your race/gender impacted your experiences as a doer of mathematics?
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Interview Two: The Present
Student Initials:
Age:
Gender:
Race:
Course Section:
This is an interview about the story of your life, in particular as it relates to your past and current
mathematics experiences and your future aspirations. I am asking you to play the role of
storyteller about your own life—to construct the story of your own past, present, and what you
see as your future. This second interview will cover your current experience in your
developmental math course. If you have any questions, want me to repeat anything, or would like
to skip any questions during the interview, that is your choice. I may take some notes throughout
the interview or ask follow up questions. This interview will be recorded for analysis purposes
only. It will only be seen by myself for coding, transcribing, and checking before being deleted.
Do you have any questions before we start?
What were your feelings about being enrolled in your current summer course?
Have you taken this course before, if so what was that like?
What were your expectations for this class?
What are your current experiences in this course? Is it what you expected?
How is this course similar to other math courses you have taken in the past?
How is this course different from other math courses in the past?
Is this your first online course?
What are you learning about in the course?
Was there anything in this course that you did not expect?
What is your teacher like?
How are you doing on the tests, the homework assignments?
What encourages you in this course?
What discourages you about this course?
Is there anything you are finding interesting in this course?
If you could change anything about this course what would it be?
What is your current perception of math as a subject?
How would you currently rate yourself as a doer of mathematics?
What value does math currently hold in your life? How useful is math?
How useful is math in school and in your life outside of school?
What interests you about mathematics? Do you find the subject interesting?
How has your race/gender impacted your experience with the developmental mathematics
course?
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Interview Three: The Future
Student Initials:
Age:
Gender:
Race:
Course Section:
This final interview is about the story of your life, in particular as it relates to your future
mathematics aspirations. I am asking you to play the role of storyteller about your own life—to
construct the story of your own story about your future goals and aspirations. If you have any
questions, want me to repeat anything, or would like to skip any questions during the interview,
that is your choice. I may take some notes throughout the interview or ask follow up questions.
This interview will be recorded for analysis purposes only. It will only be seen by myself for
coding, transcribing, and checking before being deleted. Do you have any questions before we
start?
How did you feel about the developmental course?
What did you think of the tasks?
Was there anything about the tasks that were aligned to your future goals?
What are your current education/career aspirations?
What majors or future professions are you interested in?
Where do you see yourself in five years?
What are your goals for ten years?
Do you have any interest in STEM vocations?
What is the most difficult part of pursuing a career in STEM?
After taking the class, what is your perception of math as a subject, has it changed?
After taking the class, how would you rate yourself as a doer of mathematics, has it changed?
After taking the class, what value does math hold in your life?
How useful is math in school and in your life outside of school? Has this changed?
What interests you about mathematics? Do you find the subject interesting?
How has your race/gender impacted your experience with learning mathematics?
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Chronological Task Feedback
Name:
Course Section:
Task Number:
1. What did you learn from the reading, podcast, or video?
2. Were you able to complete the activity problem(s)?
No

Somewhat

Yes

3. How confident were you in completing the activity?
No Confidence

1

2

3

4

5

Pro-Level

4. In what ways (if any) was this task useful?
5. In what ways (if any) was this task interesting?
6. What feedback do you have about this task (thoughts/feelings/ideas it brought up)?
7. What would you change to make this task better?
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Exponents
An exponent reflects a number multiplied by itself, like 2 times 2 equals 4. In exponential form
that could be written 2², called two squared. The raised 2 is the exponent and the lower case 2 is
the base number. If you wanted to write 2x2x2 it could be written as 2³ or two to the third power.
The same goes for any base number, 8² is 8x8 or 64. You get it. You could use any number as the
base and the number of times you want to multiply it by itself would become the exponent.
Where Did Exponents Come From? The word itself comes from Latin, expo, meaning out of,
and ponere, meaning place. While the word exponent came to mean different
things, the first recorded modern use of exponent in mathematics was in a book
called "Arithemetica Integra," written in 1544 by English author and mathematician
Michael Stifel. But he was working simply with a base of two, so the exponent 3
would mean the number of 2s you would need to multiply to get 8. It would look
like this 2³=8. The way Stifel would say it is kind of backwards when compared to
the way we think about it today. He would say "3 is the 'setting out' of 8." Today,
we would refer to the equation simply as 2 cubed. Remember, he was working exclusively with a
base or factor of 2 and translating from Latin a little more literally than we do today.
Earlier Occurrences - While not 100 percent certain, it appears the idea of squaring or cubing
goes all the way back to Babylonian times. Babylon was part of Mesopotamia in the area we now
would consider Iraq. The earliest known mention of Babylon is found on a tablet dating to the 23rd
Century BC. And they were screwing around with the concept of exponents even then, although
their numbering system (Sumerian, now a dead language) uses symbols to demote mathematical
formulas. Oddly, they didn't know what to do with the number 0, so that was delineated by a space
between the symbols.
The numbering system was obviously different
from modern mathematics. They would write the
square of 147 like this. In the sexagesimal system
of math, which is what the Babylonians used, the
number 147 would be written 2,27. Squaring it
would produce in modern days, the number
21,609. In Babylonia it was written 6,0,9. In sexagesimal 147 = 2,27 and squaring gives the number
21609 = 6,0,9. This is what the equation, as discovered on another ancient tablet, looked like.
Why Exponents? What if, say, in a complex mathematical formula, you need to calculate
something really important. It could be anything and it required knowing what
9x9x9x9x9x9x9x9x9x9x9x9x9x9x9 equaled. And there were a lot of such large numbers in the
equation. Wouldn't it be a lot simpler to write 915? You can figure out what that number is if you
care to. In other words it is shorthand, much as many other symbols in math are shorthand,
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denoting other meanings and allowing complex formulas to be written in a more concise and
comprehensible way.
Edvard Larouge was a French Mathematician who created the Exponent Theory in
1863. He did it because he had to keep multiplying the same numbers over and over
again because he was a banker. Imagine doing all of the multiplication of formulas
without the helpful exponent to guide you.
Exponents, Index Numbers, Powers, and Indices are used in lots of parts of our modern
technological world. Exponents are used in Computer Game design, Physics, pH and Richter
Measuring Scales, Science, Engineering, Economics, Accounting, Finance, and many other
disciplines. Exponential Growth is a critically important aspect of Finance, Demographics,
Biology, Economics, Resources, Electronics and many other disciplines.
Viral Marketing: If one person shares an Instagram post with 10 friends in five
minutes. And those 10 friends share that Instagram post with 10 other friends in the
next five minutes, and so on. How long will it take that post to be seen by one million
people? (1,000,000 or 106)? ___________
Sound Decay: The volume of sound decreases in a 1/(Distance x Distance) or 1/d2 or d -2 Sound
dies off quickly as we move away from a loud party or car, but takes a while to turn into complete
silence. This is an inverse square relationship. (A projector’s light intensity also follows the inverse
square relationship)
At a distance of 4 meters away from a song what is its relative intensity? ___
At a distance of 20 meters away from a song what is its relative intensity? ___
At a distance of 0 meters away from a song what is its relative intensity? ___
Sports: A tennis tournament has 64 players, who have matches against one opponent at a time. If
you win you move on to the next round. How many rounds will it take to get to the
championship?_______
Geology: The Richter Scale is used to measure how powerful earthquakes are. The actual energy
from each quake is a power of 10, but on the scale we simply take the index value
of 1, 2, 3, 4, etc. rather than the full exponent quantity. This means that a Richter
Scale 6 earthquake is actually 10 times stronger than a Richter Scale 5 quake. (E.g.
1000000 vs 100000).
A Richter Scale 8 earthquake would be how many times stronger than a Richter
Scale 4 quake? __________
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Percent of Futball Accuracy
% is an often confused symbol in mathematics. However, a focus on the word and the
symbol itself can help you to understand how it works, what it does, and why it comes up
everywhere. Breaking down the word into two parts you have the word PER which is found in
miles per hour, words per minute, assists per game. But what are you doing to find this value? If
you have the amount of miles you drove and the time it takes you to get there, how does that
convert into speed? The P or per in the mph is dividing. Dividing the miles by the time gives you
the speed. Per stands for division. Cent is also found in a lot of words, centimeter, centipede,
cents in a dollar. All are one hundred (100 cents in a dollar, 100 legs on a centipede...). Putting
the two terms together, provides you with Percent or to divide by 100. Even the symbol itself is
made of a division bar and two zeros % .
4

2

To calculate 4% → take 4 and divide it by 100. This creates a fraction (100, 50, or
6

1

), and

25
3

after you divide you are left with .04. To calculate 62% tale 62 and divide by 100 (100 or 50) and
after division you are left with .62. Things get a little complex with decimals thrown in. And that
is where your task lies. The below link is a game entitled Spot the Ball, that has images taken
from the world cup but the soccer ball has been removed.
https://www.nytimes.com/interactive/2018/06/26/sports/world-cup/spot-the-ball-round-1.html
There are six pictures taken from the 2018 world cup, and you have to click on your screen
where you think the ball lies. Use the players’ eyes and their positioned limbs to make the best
estimated guess. The resulting score (no pun intended) percentage is how well you did against
everyone who has played the game before. Your goal (no pun intended) is to determine your
percentages, use all six percentages and convert them into simplified fractions and then decimals.
After devising converting all six into decimals, you have to determine your final score by
averaging all of your decimals and then converting it back into a percentage. Good luck!
Image 1 ______ Percentage
Image 2 ______ Percentage
Image 3 ______ Percentage
Image 4 ______ Percentage
Image 5 ______ Percentage
Image 6 ______ Percentage

____ Simplified Fraction
____ Simplified Fraction
____ Simplified Fraction
____ Simplified Fraction
____ Simplified Fraction
____ Simplified Fraction

____ Decimal
____ Decimal
____ Decimal
____ Decimal
____ Decimal
____ Decimal

Final Average of Decimals __________ Percentage of Decimals _____
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%→
Percents →

→ .
Fraction division

→

Decimals

Critical thinking questions:
What is the easiest representation of values for you to understand decimals, fractions, or
percents? Why?

What is the difference between decimals, percentages, and decimal percentages? Can a number
be both a decimal and percent at the same time?

Where do you see and use percentages that are not in the world of sports?
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Probability of Gambling
https://www.npr.org/transcripts/930544565
Jacob Goldstien the author of the book Money: The True Story
of a Made-Up Thing joins Cardiff Garcia an economic writer
and host for New York Public Radio. They discuss the history
of probability and how it developed to become the construct we view it today. You may (or may
not) be surprised to learn that it was French gamblers that devised the idea of probability. Listen
to the short podcast from the link above, which also contains a transcript of the conversation.
ODDS: Fractional odds (aka British odds, UK odds, or traditional odds) are popular at casinos.
These are typically written with a “slash (/)” or a “hyphen (-),” e.g. 6/1 or 6-1 and announced as
“six-to-one.” Fractional odds are used by some of the world’s largest bookmakers, making them
the most preferred odds across the globe. A fractional listing of 6/1 (six-to-one) odds would
mean that you win $6 against every $1 you wager, in addition to receiving your dollar back (i.e.,
the amount you wagered). In other words, this is the ratio of the amount (profit) won to the initial
bet, which means that you will receive your stake ($1) in addition to the profit ($6), resulting in a
total payout of $7. Therefore, if you stake $10 at 6/1, you get a total payout of $70 ($60 profit +
$10 stake).
Therefore, the total (potential) return on a stake can be stated as:

Total Payout = [Stake x (Numerator/Denominator)] + Stake
Where: numerator/denominator is the fractional odd
For instance, one of the major sports betting websites listed the following fractional odds for
futures betting on the team to win the 2021 NBA Championship. Below is a selection of four
teams with various odds of winning it all.
Brooklyn Nets: 11/5
Los Angeles Lakers: 15/4
Los Angeles Clippers: 11/2
New York Knicks: 80/1
If you have $40 to bet, how much money would you make if each of the four teams won?
Nets
___
Lakers ____
Clippers ____
Knicks ____
Disclaimer* The content in this task does not necessarily represent the viewpoints of the college
and staff. The University does not endorse or condone gambling in any form.
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Statistical Analysis History
Early civilizations such as the Han Dynasty of 200 B.C. China and the Roman Empire of
200 to 20 B.C. Europe, Asia, and Africa gathered data across the empire to determine their
population, wealth, and geographic area. Specific methods of statistics were developed by
Thucydides in 400 B.C., during the Peloponnesian War. Athenians determined how to calculate
the height of their defense walls for protection using statistics. Thucydides counted the number
of bricks vertically. Then the count was repeated all-round the wall by soldiers to determine the
mode, or most likely value of bricks. This value was then multiplied by the height of one brick to
determine the height of ladders needed to scale the walls to defend it. The mean or average,
although also known by the Greeks, was not generalized to more than two values until 1585 by
Simon Stevin. This method was first used by Tycho Brahe to reduce errors in the estimation of
celestial bodies for astronomy research. The median, or middle number, originated in Edward’s
Wright’s book on Navigation in 1599. He determined the most accurate location of a compass to
use, by finding the median value through a series of observations for optimal directions.

The birth of statistics is often dated to 1662, when John
Graunt & William Petty developed early human statistical and
census methods for demography (the study of people). They
created lift tables that provided the probabilities of cervical
cancer of each age, and that could estimate the population of
London from the size of families and deaths per year. They
researched that there were around 13,000 funerals per year in London and that three people died
per eleven families per year. They estimated from the parish records that the average family size
was 8. Using these values they calculated that the population of London at the time was
approximately 384,000.

Statistical Analysis of Song Lyrics: Most of the songs we listen
to contain music (the notes and rhythms) and lyrics (the words in
the song). Answer the questions below to guide your thinking
about connections between statistics and your favorite music
genres and songs.
1. What are some of your favorite genres (types) of music?
What are some of your favorite musical artists?
Why do you think you like these types/artists?
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2. When you listen to a song, do you focus more on the music, or the lyrics – why?
Choose two songs to analyze. Look up the song lyrics online. Make a hypothesis and indicate the
song that you believe is more lyrically complex
Song Title____________
Song Title _________
Artist ________________
Artist ____________
______________________________________________________________________________
3. List the word lengths (# of letters) for the first 21 words of your first song.
For example, if my song began “You were the popular one, the popular chick
It is what it is, now 'm popular-ish Standing on the field with” (MIKA - Popular Song) the word
lengths would be: 3, 4, 3, 7, 3, 3, 7, 5, 2, 2, 4, 2, 2, 3, 1, 10, 9, 2, 3, 5, 4
https://www.youtube.com/watch?v=nmcdLOjGVzw
Calculate for the first 21 words:
Mean:
Median:
Mode:
Range:
Variance:
Standard Deviation:

4. List the word lengths (# of letters) for the first 21 words of your second song.
Mean:
Median:
Mode:
Range:
Variance:
Standard Deviation:

Which song do you believe was more lyrically complex? Why?
Was your hypothesis correct?
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Cartesian Coordinates
René Descartes “I think, therefore I am" (1596 – 1650) was a
French philosopher, mathematician, and scientist. A native of the
Kingdom of France, he spent about 20 years in the Dutch Republic
after serving for a while in the Dutch States Army of Maurice of
Nassau, Prince of Orange and the Stadtholder of the United Provinces.
The coordinate system we commonly use is called the Cartesian
system after Descartes. Legend has it that Descartes, who liked to stay
in bed until late, was watching a fly on the ceiling from his bed. He
wondered how to best describe the fly’s location and decided that one
of the corners of the ceiling could be used as a reference point. He
realized that he could describe the fly’s position in the room’s threedimensional space using just three numbers, represented by the
variables X, Y and Z. The Z-axis was the depth. Descartes stayed in
bed late into his adult days.
Read any one of the following three articles and watch the accompanying videos on
advancements in 3d technology below. Then answer the critical thinking questions
Fashion: 3D printed clothes for hotels to eliminate luggage and save money for travel from
Israeli designer https://www.youtube.com/watch?v=3s94mIhCyt4 and read
https://www.vice.com/en_us/article/gv58mm/3d-printed-clothes-are-hitting-the-runways-and
maybe-your-closet
Medicine: 3D printed life size person to test cancer treatments in Austin
https://www.vice.com/en_us/article/yw7kzv/marie-is-the-first-life-sized-3d-printed-human-body
and watch the clip on functional 3D printed body parts
https://www.youtube.com/watch?v=6VTDUTCUzsU
Law: 3D printed guns sparking controversy https://www.vice.com/en_us/article/ev8xjn/getready-for-the-new-era-of-3d-printed-guns starting-august-1 or the video
https://www.youtube.com/watch?v=DconsfGsXyA
Disclaimer *The content contained in these news articles do not represent the viewpoints of the
college and staff. If you feel upset by any one of these topics, you are not required to do the
assignment.
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1. Name two interesting facts you learned from the article or video
2. What are other potential benefits for 3D printing
3. What are potential drawbacks from using 3D printing technology?
4. How can other math content be translated into technological innovations of future fields?
5. What other mathematical ideas do you want to learn about?
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Around 4000 years ago, the people of Babylon knew how to
solve a simple 2X2 system of linear equations with two
unknowns. Around 200 BC, the Chinese published “Nine
Chapters of the Mathematical Art,” in which they displayed the
ability to solve a 3X3 system of equations (Perotti). The simple
equation of ax+b=0 is an ancient question worked
on by people from all walks of life. The Greek scientist and philosopher
Aristotle (300 BC), known for such quotes as “a friend to all is a friend to
none” and “wicked men obey from fear; good men from love” created a
system of linear equations with two variables. Aristotle also gave us the first
way to classify species.
Sir William Rowan Hamilton (1800’s), was an Irish mathematician
who contributed to the development of optics, dynamics, and
algebra—in particular, discovering the algebra of quaternions.
Hamilton, a multi-linguist speaking Latin, Greek, Hebrew, Sanskrit,
Persian, Syriac, French, and Italian before age 12, continued work on
linear equations leading to further discoveries. His work proved
significant for the development of quantum mechanics. While
Hamilton had no applications for his work with quaternions at the time of his discovery,
they are used today in robotics and other technological innovations.
Linear equations are basic equations you come across in math. You may be asked to
solve a linear equation: find x if 2x+7=31, or to draw the graph of a linear equation such
as y=2x+1, which is a straight line, or to solve simultaneous linear equations: find x and y,
where x+2y+3=8 and x+y=3.
Computer graphics programmers use what is called “linear algebra”. As a simple example,
take the figure at the left. We can describe the location of each point on the image by a
coordinate system. A point has coordinates (x,y) if you can get to it from the point where the two
axes meet by taking x steps in the horizontal direction and y steps in the vertical direction. Now
suppose you would like to rotate that image clockwise through a sixth of a turn.
Then you can calculate that every point that previously had the coordinates (x,y) now
moves to the position with coordinates (0.5x + 0.866y, 0.5y-0.866x).
The two new coordinates have a similar form to the linear equations above and this
is why graphics programmers end up having to solve a lot of linear equations. You
can imagine that if the images involved are a lot more complicated, for example
three-dimensional, and if the object is to move in a much more complicated way, then the
programmer must be able to handle a great number of simultaneous linear equations, involving
many variables.
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Future technology has AI programs creating games all by themselves using linear algebra. AI
programs absorbed hours of retro games like Super Mario Brothers, Kirby, and Mega Man to
create their own. If you want to watch these AI created games in action or read more about it go
to the link below: https://www.vice.com/en_us/article/xwpxnk/video-game-made-by-ai-fun-ashell. In addition, AI programs have generated new boss levels for classic games.
https://www.vice.com/en_us/article/qkjb7p/underwater-castle-this-ai-creates-never-before-seens uper-mario-bros-levels
Economics
Economists and professionals in the financial world work with linear equations all the time.
Think, for example, of supply and demand. Your demand for a product – a chocolate bar or a
car – will depend on the price of the product and how much you earn, among other things. If the
product is very expensive, and you’re not that rich, you probably don’t want too much of it. If
it’s cheap, like the chocolate bar, you may want a lot (unless you’re worried about your teeth).
Demand is often expressed as linear equation:
D = – P + bi
D = demand quantity per month (how much to buy),
P = price of the item
i = monthly income
b = a constant to trend the price towards equilibrium between supply and demand
You can see that D (demand) goes down if P (price) goes up (that is the reason for
the minus sign), and it goes up as your income goes up.
Due to the Covid-19, Manny lost his job and is now unemployed making $150 per
week. The price of eggs at the store has been increasing and is up to 2 dollars a carton
because many people are unable to eat breakfast out. Find the constant (b) if the egg
demand for people who shop at each particular Smiths this month is 1000.
_______________________________________________________
_______________________________________________________
Create an authentic linear equation problem with one unknown
(variable)?
_____________________________________________________
Were you surprised with anything you read in the short document?
_______________________________________________________
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Listen to the entire podcast here:
https://www.lifeofanarchitect.com/035-architecture-andmath/
Architecture and Math October 13, 2019 by Bob Borson
If you ever thought about being an architect but thought
you couldn’t
handle the math, you aren’t alone. At parties across the land, as soon as
someone finds out there is an architect in the crowd, there is a story being told about how
they wanted to be an architect but since they couldn’t
draw or weren’t very good at math, and as a result, they decided to do something else.
As of this 2019 recording, I have written 923 articles on this site, one of which was
specifically related to math and being an architect. Out of those 923 articles, the one on
architect’s and math is the 28th most read article with 306,865 views. If you take away only
one thing from that piece of information, it at least tells you that there are some questions
surrounding the role of math when it comes to architecture.
What Sort of Math do you need? There are times when I write things on this site that are
categorically embarrassing to me … I would really rather that people not know everything
about my past, especially when it is something that I feel somewhat ashamed of – but for the
greater good, I think they are important to share. When I was in school, there was a much
heavier level of math-related courses that were specific to the engineering side of
architectural practice. What’s crazy about that is that not only am I mediocre at math, I
made it out of high school with Algebra II as the most advanced math that I studied. These
structure classes, as well as the 2 semesters of real physics I had to take, were brutally hard
for me. I didn’t know trig and knowing that base of information was a foregone conclusion.
So How do Most Architects use Math? For me, it comes in during the detailing phase of
the project – and is mostly addition and subtraction. It’s about getting materials alignments to
fall into place, openings to fall along masonry dimensions, dividing my windows into patterns
that work with the allowable span of certain structural requirements and where I need to
supplement with columns. I use simple math every day to some extent, but none of it is magic
and absolutely none of it requires trigonometry, calculus or physics. My father used to tell
me, and now I am telling you, that you go to college to learn how to learn. This is an important
state of mind because learning things that are hard and challenging forces you to push yourself
and develop skill sets that might be of peripheral value to you. While it’s possible that there
are other architectural jobs out there that require an insane ability to process high-level math
problems, I’ve never discovered them. I asked a handful of my architect buddies from around
the country prior to recording today’s episode and asked them how important they felt a strong
background in math would be to someone ultimately finding success as an architect.
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Not one single architect that I asked felt that math should be the rate-limiting step if
your dream is to become an architect. It’s okay if you struggle with math, just persevere
and do what needs to be done and you can look back over your shoulder at hard math for the
rest of your long and illustrious career as an architect.
Factoring: Architect Bob Borson was contracted to design a walkway. This walkway needs
to go around a tennis court that was recently installed in a new home. The tennis court is of
regulation size at 78 by 36 feet dimensions. The uniform walkway needs to be of the same
(equal) area to the tennis court to create an aesthetically pleasing backyard. What would be
the width of this walkway? What material would you make it out of? Are there other
designs that you could create, what would they look like and what are their dimensions?

Width = ___ feet
Challenge: Eddie and Jenna are both trying to get to campus to reach their Math
96 lecture. Eddie lives in Henson and is 20 miles south of campus. Jenna lives in
Summerville and is 12 miles north of campus. Jenna drives faster, because of less
traffic and drives 6 miles per hour faster than Eddie. It takes Jenna 10 minutes
less to make the trip. How long was each trip?
Distance is Rate x Time → D = r x t
Create another real situation that requires you to use factoring to solve?
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Rational formulas can be useful tools for representing real-life situations and for finding answers
to problems. Equations representing direct, inverse, and joint variation are examples of rational
formulas that can model many real-life situations. Physicists, chemists, electrical engineers, and
economists use rational equations to model situations and for applications.
Before surgery a patient might be injected with some medication. When the concentration of the
drug in the bloodstream is at a desired level the operation will begin. You can model the
concentration of the drug in the patient’s bloodstream using a rational function. Like the one
below. Being able to analyze this rational function can help a nurse or doctor determine when the
drug will wear off on the patient. Imagine not knowing how to do this and having a patient wake
up during surgery.
There is a mathematical model that describes
how medicine concentration varies over time in
the human body. A and B are constants t is
time and C is concentration.

This is an example of a rational function. The graph shown
here illustrates the case in which A =30 and B=4. The black curve is the graph of C(t).
Suppose that a certain drug will only be effective if its concentration in the bloodstream is at
least 5%. However, if the drug concentration exceeds 7.5%, then the patient may experience
adverse side effects, while any amount less than 7.5% is safe. According to the graph, the drug
becomes effective at a little less than an hour from the time it was first administered and remains
above the effective level until about 5 hours. So, the duration of effect is at least 4 hours total
(within the time window between the two dotted blue lines). Furthermore, this graph shows that
the concentration peaks at 7.5% and then decreases, indicating the drug is safe for the patient.
Medication errors in children are one of the most common problems in medical mismanagement.
Children aren't only smaller than adults, they also have unique
metabolisms that need to be considered.
Clearly, children are much smaller than most adults, so they
would obviously need a smaller amount of medication. But, children
also
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have different rates of metabolism than adults, often much slower since their digestive systems
are less mature than adults'. This means it's easier for children to build up toxic levels of drugs in
their bodies. Similarly, because their kidneys are immature, it can take longer for children to
excrete drugs, also leading to toxic drug levels more easily than in adults.
When prescribing medications, health care providers determine the quantity of medication to
give based on the weight (in kilograms) of the child. Sometimes, this becomes even more
complicated because liquid medications are prescribed in multi-dose packages (think about
cough syrup, it's sold in a bottle that can be used for multiple doses). In order to determine how
much medication to give in the hospital, a nurse uses cross-multiplication to determine how
much medication to dispense from the package
1. The average dose of adult ibuprofen is 400 mg every 6 hours.
The average dose for a child is 30 mg per kg per day
Artie recently broke her arm after falling off a bike. She was prescribed ibuprofen for pain
management. Artie is 80 lbs. and 9 years old. How much is she prescribed per day, and how
much is in each dose?
1Kg = 2.2 lbs.
mg x kg = dose per day
How many mg per day? ____
How many mg per dose? ___
2. Interior Decorator Efficiency: Kendra can design a room in 6 hours, but her friend Amy
can design the same size room in only 4 hours. How long will it take them to design a similar
room together to save time?
3. Coding Efficiency: Together, Bill and Elise can make a website in 10 hours. By themselves
Elise can write the code 3 hours faster than Bill. Find the time that it takes each person to create
the website? Round to the nearest tenth
4. Challenge Rational Equation Problem
Campus Greek Life is having a bake sale. The pricing plan you came up with is that the first
baked good you buy is 2 dollars and each additional treat is only 1 dollar. To ensure that this is a
cost-effective plan you want to make a limit for the additional baked goods. What is the cost per
tasty treat for buying 10, 20, or 50 delicious items? What limit would you put on the amount of
treats one person could buy, if the cost to make each treat was $1.25? Write a formula to model
the cost.

Useful Rational Formulas
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